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A PROPOSED MATHEMATICAL MODEL FOR THE PERSONNEL 
SCHEDULING PROBLEM IN A MANUFACTURING COMPANY 
SUMMARY 
In the current economic and industrial conditions, with demand ever fluctuating and 
optimization more important in every field, designing a timetable to define a 
personnel schedule is not an easy task.  
Personnel scheduling is the process of constructing work timetables for its staff. The 
first part of this process involves determining the number of staff, with particular 
skills, needed to meet the demand. Individual staff members are allocated to shifts in 
order to meet the required staffing levels at different times, and duties are then 
assigned to individuals for each shift.  It is really difficult to find good solutions to 
these highly constrained and complex problems and even more difficult to determine 
optimal solutions that minimize costs, meet employee preferences, distribute shifts 
equitably among employees and satisfy all the workplace constraints.  
In many organizations, the people involved in developing personnel scheduling need 
decision support tools to help to provide the right employees at the right time and at 
the right cost. In general, the unique characteristics of each industry and organization 
mean that specific mathematical models and algorithms must be developed for 
personnel scheduling solutions in different areas of application. There is a large 
number of commercial software packages but sometimes it is not possible to use 
these in companies with specific features. Accordingly, mathematical programming, 
optimization and heuristics are suggested to be utilized in order to solve the 














BİR İMALAT FİRMASINDA PERSONEL ÇİZELGELEME 
PROBLEMİ İÇİN BİR MATEMATİKSEL MODEL ÖNERİSİ 
ÖZET 
Günümüz ekonomik ve endüstriyel koşullarında, dalgalanan talep ve optimizasyon, 
her alanda daha fazla öneme sahip olmuş, personel çizelgesi oluşturmak için zaman 
tablosu hazırlanması zorlaşmıştır. 
  
Personel çizelgesi, çalışanlar için yapacakları işi gösteren zaman tablosu oluşturma 
sürecidir. Bu sürecin birinci aşaması, talepleri karşılamak için özel becerilere sahip 
çalışan/personel sayısını belirlemeyi kapsar. Farklı zaman dilimlerindeki gerekli 
çalışan düzeyini karşılamak amacıyla çalışanlar vardiyalara tahsis edilirler ve daha 
sonra her bir çalışana her bir vardiya için görev atanır. Bu tür çok sayıda kısıt içeren 
karmaşık problemlere iyi çözüm yolları bulmak gerçekten zordur. Tüm kısıtları 
karşılayan, maliyetleri minimum kılan, çalışanların tercihlerini karşılayan, çalışanları 
vardiyalara eşit dağıtabilmeyi sağlayan optimal çözümler belirlemek daha da zordur. 
 
Birçok organizasyonda, personel çizelgelerini oluşturan kişiler, doğru zamanda, 
doğru maliyette, doğru çalışanları belirlemeye yardımcı olan karar destek 
sistemlerine gereksinim duyarlar. Genel olarak, birçok farklı uygulama alanında 
personel çizelgeleme çözümlemesi için özel matematiksel modeller ve algoritmalar 
geliştirilmelidir.  Çok sayıda ticari yazılım programları bulunmasına rağmen her 
firma için kullanmak uygun değildir. Buna bağlı olarak, firmalara, personel 
çizelgeleme ile ilgili problemlerini çözmek için matematiksel programlama, 






The research reported here is concerned with creating an effective decision 
methodology for the solution of a particular type of personnel scheduling problem, 
specifically related to manufacturing industry. By the development of mathematical 
models and algorithms it is possible to solve the problem and try to obtain an optimal 
result taking into consideration different types of constraints that exist in the normal 
running of the analyzed company.  
In the introductory material presented  in this chapter, the purpose of the thesis will 
be followed by the scope of the subject to consider. Finally, an overview of the study 
is included. 
1.1 Purpose of the Thesis 
The aim of this study is to develop a mathematical model for personnel scheduling   
with the aim of obtaining a regular level of production during the year. Taking into 
consideration the constraints related to the production process, the purpose is to reach 
a regular level of working hours during the planning horizon considering the whole 
personnel. This level of working hours must be enough to cover the demand during 
the year. In the model, al multi-product process with two kinds of employees, 
permanent and temporary, and the possibility of considering inventory is analyzed.  
1.2 Scope 
The scope of this study is to solve the personnel scheduling and the production 
planning for a manufacturing company considering a horizon of a year, specifically 
to define the number of permanent and temporary workers for each week and the 
quantity of production for each product during this period. The real characteristics of 
the production process have been analyzed to develop an efficient plan with the aim 





This study is organized as follows. Chapter 2 deals with the personnel scheduling 
problems, emphasizing the application areas and the algorithms that appear in the 
literature to solve the problem. In Chapter 3, the special case of Working Time 
Accounts is presented. A literature review about personnel scheduling is provided in 
Chapter 4. After the literature review, the model is developed, built, solved and 
verified considering two different situations in Chapter 5. A comparison with the real 
case is presented. Finally, Chapter 6 provides a summary along with some 
concluding remarks and future work. 
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2. PERSONNEL SCHEDULING 
2.1 Introduction 
The purpose of this chapter is to present a review of personnel scheduling, 
specifically problems in particular application areas and the models or algorithms 
that have been reported in the literature for their solution. 
2.2 Problem Stages and Models 
This section offers a classification of personnel scheduling problems, a general view 
to understand what this concept involves. This section tries to break down that 
problem in different stages or modules and within each module showing some 
possible models depending on the application; Ernst et al. (2004a) dealt with. There 
is not only one possible taxonomy, for example, Tien and Kamiyana (1982) decided 
to divide the problem into five subproblems: temporal staff requirements, total staff 
requirements, recreation and leave, work schedules and shift schedules. Another 
classification is done by Caprava et al. (2001) used for air crew scheduling with three 
stages involving crew pairing generation, crew pairing optimization and crew 
rostering.  
The classification developed by Ernst et al. (2004a) is used in this study. The 
personnel scheduling problem is presented as a systematic procedure where the first 
one is the determination of workforce requirements and the last one is the 
specification of the work to be executed for each person in a certain moment or in a 
period.  
2.2.1 Demand modeling 
The first and one of the most important steps in the personnel scheduling is to 
determine the workforce for each moment.  It means to decide how many staff is 
necessary at different times over a specific period to perform some duties to cover 
the demand. Ernst notes that “To define the demand it is necessary to translate some 
 
4 
incidents into associated duties and then using the requirements for these duties 
transform they in demand of staff” (Ernst et al. 2004a). Incidents could be specific 
sequences of tasks, inquires in a call centre, a specification of staff level in a shift, 
the components of hospital timetable, etc. Three kinds of incidents can be defined: 
- Task based demand: This type of demand is obtained directly from tasks that 
have to be executed. Ernst notes that “A task will be completely defined if 
there is information about the starting time and the duration or a time window 
within which the task must be finished, and the skills required to perform the 
task” (Ernst et al. 2004a). Normally these tasks are derived from timetables of 
services that must be satisfied. The first step in this kind of incidents is to 
combine individual tasks with tasks that need a sequence of operations. It is 
commonly used in transport applications (Ernst et al. 2004a). 
- Flexible demand: In this case, it is necessary to use forecasting techniques 
because the probability is not known at all, for example in the case of services 
there can be random arrivals and random service times. The result is usually 
how many staff is necessary at different times of the day and during a specific 
period. For example, the staff level could be fixed for each hourly interval 
over a month planning period. This kind of personnel scheduling is useful for 
call centers, police stations, etc. After establishing the demand it may be 
distributed to shifts and then to lines of work (Ernst et al. 2004a). 
- Shift based demand:  This kind of demand depends on the number of staff 
that is necessary to be on duty during the different shifts. This type is used in 
application where staff levels are determined from a need to meet service 
measures. An example can be nurse scheduling or ambulance services (Ernst 














Figure 2. 1: Two examples of demand  modeling. (Corominas and Pastor, 2008) 
In the Figure 2.1, the variation of the necessary working hours is shown for each 
week during a year depending on the demand for the same company.  
2.2.2 Days-off scheduling  
This step involves a determination of how rest days have to be organized between 
workdays for different lines of work. Azmat et al. (2004) classified the days-off 
scheduling problem as either single-shift or multiple-shift. For each type, they define 
four sub-categories: regular 5 workdays a week work schedules, compressed 3 or 4 
workdays a week work schedules, hierarchical schedules for a workforce with 
varying skill levels, and Annualized Hours schedules. This problem arises more 
frequently when scheduling to flexible or shift based demand than when scheduling 
to task based demand. Al-Yakoob and Sherali (2007) considered the preferences of 
workers for off-days; every employee establishes a one-to-one matching between the 
















The Table 2.1 shows an optimum assignment of days off in the case of the campus 
security personnel. 
2.2.3 Shift scheduling   
The aim of this step is to decide which shifts must be worked including an 
assignment of the number of employees to each shift, in order to meet the demand. 
Ernst mentions, “If we consider the classification in the step 1 each case will be 
different” (Ernst et al. 2004a). When scheduling to flexible demand the timing of 
work, meal breaks and timing regulations of the company must be considered. In the 
case of task based demand shift, scheduling main task is to select a good set of 
feasible duties, shifts or pairing to cover all tasks. This step is, obviously, redundant 
for shift-based demand. Al-Yakoob and Sherali (2007) took into account preferences 
of employees related to the shift scheduling. They considerer that every employee is 
instructed to submit a permutation of the set {1, 2, 3} to represent the preference 
with respect to daily shifts. Illig (2007) considered that often, days-off scheduling is 
done as a part of shift scheduling. 
2.2.4 Line of work construction 
This section involves the creation of lines of work considering the horizon fixed and 
each staff member. In Ernst et al. (2004a), it is considered that this process depends 
on the basic building blocks as shifts or duties that are used. If the basic building 
blocks are shift, then any shift can be assigned to an individual‟s workdays taking 
into account some additional constraints limiting the valid shift patterns as a 
sequence of night shift with a day shift. Duties arise from tasks, which may take up 
only part of a shift or may span several shifts. Ernst notes that “Each duty can be 
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included exactly once in the roster. Stints are predefined patterns that reflect 
workplace rules and regulations” (Ernst et al. 2004a). There is a number of different 
lines of work models: 
- Cyclic and acyclic schedules: In the first case, all employees of the same 
class perform exactly the same line of work but with different starting times 
for the first shift or duty. It is useful for situations with repeating demand 
patterns.  In acyclic schedule, the lines of work for individual employees are 
completely independent. It is usual in cases where demand fluctuates with 
time, for example call centers (Ernst et al. 2004a). 
- Stint based:  In some organizations, only certain shift sequences, called stints, 
are allowed. A line of work is constructed as a sequence of stints following 
rules indicating allowed stint transitions. Ernst notes, “a typical application of 
stint based rostering is nurse scheduling.” (Ernst et al. 2004a). 
Line of work construction is usually called tour scheduling when dealing with 
flexible demand, and crew scheduling when dealing with crew pairings. (Ernst et al. 
2004a). 
2.2.5 Task Assignment 
In the literature, it is possible to find some documents related to task assignment. 
Campbell and Diaby (2001) developed an assignment heuristic for allocating cross-
trained workers to multiple departments at the beginning of a shift. Bard and Wan 
(2006) solved the task assignment problem for unrestricted movement between 
workstation groups in mail processing and distribution centers. Different methods 
and examples for solving this kind of problem are studied in Cousin (2007). Task 
assignments are normally required when working shifts have been fixed but tasks 
have not been allocated. It may be necessary to assign one or more tasks to be carried 
out during each shift. Tasks are grouped and assigned to shifts, or employees, based 
on their starting times and durations. Bard and Wan (2006) commented that the result 
is sometimes called a tour or bid job, which specifies the weekly or monthly 
schedules for each employee. Included are the workdays, their length, the daily start 
times, and perhaps the eating breaks. They mention that the objective is to construct 
daily or weekly schedules for each member of the workforce that minimize the 
weighted sum of transitions between workstation groups while ensuring that all 
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demand is satisfied. The complexity of the problem depends on the industry, for 
example, it is easier to solve the problem of a company where its workers spend the 
majority of their day at the same location or a company with a constant demand and 
a short number of products because the workforce is almost fixed. 
2.2.6 Personnel assignment 
This module involves the assignment of individual staff to the lines of work. Al-
Yakoob and Sherali (2007) considered worker preferences in this step. Each 
employee is instructed to list, in ascending order, a number of different work centers, 
the first of which represents the highest preference and the last one represents the 
lowest preference. 
2.3 Application Areas 
The research performed by L. Edie (1954), about traffic delays at tollbooths, is 
considered in the literature as the origin of staff scheduling. Since then, personnel 
scheduling methods have been applied to several areas. The aim of this section is to 
provide a general classification and description of the key problems related to staff 
scheduling in different application areas. That includes transportation systems such 
as railways and airlines, health care systems such as nurse scheduling, emergency 
services such as police and ambulances, manufacturing companies, and other areas. 
Ernst et al. (2004a) developed the following table to illustrate the prior work in each 
application area.  
Table 2. 2: Number of surveyed papers for each application. (Ernst et al. 2004b) 
Application Papers Application Papers 
Bus driver scheduling 129 Civic Services and Utilities 22 
Nurse Scheduling 103 Venue Management 19 
Airlines. Crew Scheduling 99 Protection and Emergency Services 16 
Railways. Crew Scheduling 37 Other Applications 14 
Call Centers 37 Hospitality and Tourism 7 
Manufacturing 29 Financial Services 6 
In the Table 2.2, the application area is listed along with the number of papers 
surveyed in that particular application area. The table shows that the areas with more 
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related studies are “Bus Transportation”, “Nurse Scheduling”, and “Airlines. Crew 
Scheduling”. 
- Transportation Systems 
In this group, staff scheduling is known as crew scheduling in the 
transportation market, which includes airlines, railways, mass transit and 
buses. Ernst notes that it is possible to consider common features for this kind 
of problem (Ernst et al. 2004a): 
 Each task is characterized by its starting time and location and its 
finishing time and location. 
 All tasks to be performed by employees are determined for a given 
timetable. Tasks are the smallest elements and are obtained from 
decompositions of flight, train or bus journey. For example, a task 
must be a flight leg in airlines, a trip between two or more 
consecutive segments in a train journey, or a trip between two or 
more consecutive stops in a bus line. 
Airline crew scheduling is the biggest staff scheduling application because of 
its economic impact. Ernst mentions that “Crew costs constitute one of the 
largest components of direct operating cost and are only dominated by fixed 
aircraft costs and fuel consumption costs” (Ernst et al. 2004a). In the 
literature, several studies related to airline crew scheduling are developed. 
Mercier and Soumis (2005), Kohl and Karisch (2004), Thiel et al (2005) and 
Zeghal and Minoux (2006) dealt with airline crew scheduling. Zeghal and 
Minoux (2006) commented that the Crew Assignment Problem (CAP) is 
usually decomposed into two independent sub-problems, which are modeled 
and solved sequentially: 
 The Crew Pairing Problem: it consists in generating a set of 
minimal cost crew pairings covering all the planned flight 
segments. A crew paring is a sequence of flight segments 
separated by connections or rest periods, operated by a crew 
leaving and returning to the same crew home base. 
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 The Working Schedules Construction Problem: The aim is 
constructing working schedules for crew members by assigning 
those pairings, resulting from the Crew Pairing Problem, rest 
periods, training periods, annual leaves, etc. 
Zeghal and Minoux comment “The solution to these two sub-problems must 
satisfy all the operational constraints deriving from the current regulation and 
the collective agreements” Zeghal and Minoux (2006). 
As with airline crew scheduling, bus driver schedules are usually constructed 
from given bus timetables. Unlike airlines, the time scale may be much 
smaller since the concept of roundtrips is normally replaced by the concept of 
duties. Freling et al. (2003) dealt with models, relaxations and algorithms for 
an integrated approach to vehicle and crew scheduling for an urban mass 
transit system with a single depot. 
Crew scheduling has also received conservable attention in public 
transportation systems. For example, Sodhi (2004) studied the crew 
scheduling at London Underground.  
Railways applications of crew scheduling have appeared most recently in the 
public transport sector literature. Most studies reported in the literature are 
about real applications to railway crew scheduling applications in different 
countries. In the literature Ernst et al. (2002), Medart and Sawhney (2003) 
and Alfieri et al. (2007) dealt with an integrated optimization model for train 
crew management. 
- Healthcare Systems 
In this section, the most important focus developed in personnel scheduling 
has been nurse scheduling. There are both clinical and cost imperatives 
associated with providing appropriate levels of staff in the different medical 
wards in a hospital. It must take into account the number of patients in the 
wards, permanent and casual staff, ensuring that night and weekend shift are 
distributed fairly, allowing for leaving and days-off and considering 
employee preferences. (Ernst et al. 2004a) There are so much literature 
related to nurse scheduling such as Punnakitikashem (2007), who studied the 
integrated nurse staffing and their assignment.   
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- Protection and Emergency Services 
This section includes police, ambulance, fire, and security services staff. In 
this kind of accidents, the frequency is considered variable; it is because it 
varies at different times of a day, week or season. As an example, Alfares 
(2001) studied the case of workforce scheduling for a security gate.  
- Civic Services and Utilities 
This section considers a large number of labor-intensive services that the 
government has at all levels. The importance of personnel scheduling is that it 
means an improvement of the services offered to the population and at the 
same time a way to contain costs. Some examples of the areas where the 
personnel scheduling is put into practice are claim for pensions and other 
social security entitlements, postal service, military service and at university 
with personnel such as proctors. Bard et al. (2003) described a methodology 
for developing weekly schedules for workers at mail processing facilities and 
involves finding work days, shift lengths and start times, and breaks. 
- Financial Services 
Knighton (2005) defined that financial services scheduling is applied to 
staffing office workers in service industries such as banking and insurance. 
This industry is characterized by flexible demand that supposes the first 
important problem. The second one arises in the scheduling of audit staff. 
Here the main complexity arises through the non-homogeneous nature of 
demand with a variety of audit jobs that have a mix of skill requirements and 
different locations (Ernst et al. 2004a). 
- Hospitality and Tourism 
Hospitality and tourism includes hotels, tourist resorts, and fast food 
restaurants as it is defined in Ernst et al. (2004a). It is important to mention 
that payroll and related expenses are sometimes over 30% of the total costs of 
operating a hotel. That is why the staff scheduling is so important. These 
industries have flexible demands and night and weekend shift requirements as 
well as employees with varying skill sets such as catering, housekeeping, 
reception, accounting, billing, etc. In the literature, Eveborn and Ronnqvist 
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(2004) proposed an elastic set-partitioning model and a branch and price 
algorithm to solve this kind of problem.  
- Retail Management 
Another industry where the personnel scheduling is important is retail 
business. This application can be dealt with in a similar fashion to call centre 
operator scheduling because shopping customers can be modeled as callers 
and sales clerks as call takers. Haase (1999) presented an application for retail 
business staff scheduling. 
- Venue Management 
There are many different types of operations that involve completing tasks 
with a variety of skill requirements, all at the same location. Examples of this 
include the ground operations at an airport, cargo terminals, casinos and 
sporting venues. Hao (2004) developed a model for solving the scheduling 
problem for an airport ground staff. 
- Manufacturing Management 
In the past and for many years, scheduling and planning of discrete 
manufacturing systems has mostly focused on the management of machines. 
It is referred to methods like material requirement planning (MRP), 
manufacturing resource planning (MRPII) or even optimized production 
technology (OPT), the operational decision makings are still oriented on 
finding an adequacy between workload and machine capacity how is 
explained in Grabot an Letouzey (2000). Then, the just-in-time philosophy 
appeared, taking into account the human resource as an important element 
and considering aspects such as motivation, polyvalence etc. Lai et al (2003) 
developed a study of system dynamics in Just in Time logistics. 
Nowadays, productivity and flexibility are the most important aspects 
because of the variability of customer demands. It means that human resource 
comes back to the centre of the production system as the main condition to 




There are some articles and studies in the literature related to this case. Azmat 
et al. (2004) developed a Mixed Integer Programming to schedule a single-
shift workforce for a Swiss manufacturing company. Al-Yakobb and Sherali 
(2007) studied the case of multiple shifts scheduling for hieratical workforce 
with multiple work centers.  
Corominas et al. (2004) noted that there are different strategies for providing 
flexible use of human resources: overtime, part-time workers and temporary 
contracts are among the most common, and indicate that annualizing hours is 
one of the preferred but less used options. Annualized Hours will be 
explained in detail in a different chapter.  
2.4 Solution Techniques and Methodologies 
The objective of this section is to review personnel scheduling methods and 
techniques and to comment on the applicability of them in specific problems. It 
expects to offer a general view of some of the most used techniques. Ernst et al. 
(2004b) offered an extensive literature of personnel scheduling. This paper shows a 
table with the techniques and the number of papers using that methodology.  
Table 2. 3: Number of surveyed papers for each method. (Ernst et al. 2004b)  
Method Papers Method Papers 
Branch-and-Bound 14 Lagrangean Relaxation 32 
Branch-and-Cut 9 Linear Programming 35 
Branch-and-Price 30 Matching 36 
Column Generation 48 
Mathematical 
Programming 27 
Constraint  Programming 46 Network Flow 38 
Constructive Heuristic 133 Other Meta-Heuristics 11 
Dynamic Programming 17 Other Methods 35 
Enumeration 13 Queuing Theory 32 
Evolution 4 Set Covering 58 
Expert Systems 15 Set Partitioning 72 
Genetic Algorithms 28 Simple Local Search 39 
Goal Programming 19 Simulated Annealing 20 
Integer Programming 139 Simulation 31 
Iterated Randomized 
Construction 
5 Tabu Search 16 
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A large number of solution techniques and methodologies to solve personnel 
scheduling problems are used. A review of some of them is presented.  
Enumeration: A complete or partial enumeration of all possible solution is carried 
out in this simple method. Enumeration-based methods have been used in personnel 
scheduling, Dawid et al. (2001) solved the problem of crew scheduling obtaining a 
feasible solution throw an enumeration-based method. Klabjan and Schwan (2001) is 
another example of the use of enumeration- based methods to solve problems related 
to crew scheduling.  
Artificial Intelligence: This term can be defined as the simulation of certain human 
intelligence processes using machines, especially computer systems. These processes 
include three steps: learning, which means the acquisition of information and rules 
for using the information, reasoning or, in other words, the fact of using the rules to 
reach approximate or definite conclusions and finally self-correction (Ernst et al. 
2004b). In the literature, Dennison (2003) investigated the tactical and strategic use 
of Artificial Intelligence at the National Aeronautics and Space Administration 
(NASA).   Burke et al. (2002) analyzed Artificial Intelligence- based methods 
applied to nurse scheduling.   
Expert Systems: “An expert system is a computer program that simulates the 
judgment and behavior of a human, or organization, with expert knowledge and 
experience in a particular field.” (Ernst et al. 2004b). Cheung et al. (2005) used 
expert system-based method to propose an approach to facilitate the allocation of 
labor resources, which is a complex and fuzzy problem existing in the aircraft 
maintenance services industry 
Constraint  Programming: Constraint Programming is a programming technology for 
solving complex combinatorial problems. Domain variables are used to describe the 
problem. Each variable has an associated domain, which represents its possible 
values. Constraints describe the different relationships that must be met by a set of 
variables. “Constraint  programming provides a powerful tool for finding feasible 
solutions for many scheduling problems in which complex rules are very hard to 
model as mathematical equations” (Ernst et al. 2004b). In the literature, Terekhov et 
al (2009) used constraint programming-based methods to solve a problem of cross-
trained workers.  Banaszak et al (2009) managed to find a feasible schedule that 
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satisfies the constraints imposed by the work-order duration, the price, and the time-
constrained resource availability in a manufacturing company.  
Constructive Heuristics: In practice it is sometimes more important to get a sensible 
feasible solution quickly than to spend a great deal of computational effort to obtain 
an optimal or near optimal solution. Simple but fast, heuristic-based methods provide 
a mean to this end. In Al-Yakob and Sherali (2007), an employee scheduling 
problem involving multiple shifts and work centers is solved with a heuristic-based 
method. Moreover, feasible solutions from simple heuristic algorithms often offer a 
good starting point for obtaining better solutions. This is the case of Afieri et al. 
(2007), where heuristic-based methods are used to find an initial solution for a 
railway application case.   
Simple local search: Local search is used to improve solution quality by iteratively 
exploring feasible solutions in the neighborhood of the current solution.  In the 
literature, Vansteenwegen et al. (2009) used simple local search method to solve the 
problem of a personalized electronic tourist guide that must assist tourists in planning 
and enjoying their trip. Another case is included in Campbell (2002) where a 
problem of allocation of work-trained workers is solved throw some methods 
including simple local search. 
Simulated annealing: Simulated annealing is a generic probabilistic meta-heuristic 
method for the global optimization problem of applied mathematics, namely locating 
a good approximation to the global minimum of a given function in a large search 
space. It is often used when the search space is discrete (Ernst et al. 2004b). Goodale 
and Thomson (2004) dealt with the problem of assigning individual employees to 
labor tour schedules. The problem is solved using a simulated annealing method 
apart from other methods. 
Tabu search: Tabu search is a popular and efficient meta-heuristic algorithm. In order 
to implement a tabu search algorithm for a given problem, one must define both a 
search space and a neighborhood structure. Tabu search works by controlling the 
way, solutions are iteratively changed within the local search framework. In 
performing local search or iterative improvement there is the possibility of getting 
stuck in local optima. Tabu search tries to prevent this by accepting even non-
improving moves (Ernst et al. 2004a).  Many cases have been studied related to tabu 
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search-based methods. Mckinzie (2005) used this kind of method to solve the 
problem of military logistics and force deployment.  
Iterated Randomized Construction: One of the most used of this type is Greedy 
Random Adaptive Search Procedure (GRASP). It is a multistart or iterative process, 
in which each iteration consists of two phases. First, a feasible solution is produced 
by the randomized construction phase. Then in the local search phase, a local optimal 
solution is sought in the neighborhood of the constructed solution (Ernst et al. 
2004a). In the literature, Dias et al. (2002) solved the problem of bus driver 
scheduling throw GRASP-based methods.    
Mathematical Programming: The term mathematical programming is sometimes 
used as a synonym for optimization, in which the aim is to minimize or maximize an 
objective subject to a set of constraints. Simulation, dynamic programming,  linear 
programming, integer programming, mixed integer linear programming, mixed 
integer nonlinear programming, network optimization, multiple criteria decision 
making and stochastic programming are some special cases of mathematical 
programming and are treated as individual solution methods (Ernst et al. 2004a).   
 Simulation 
The aim of this technique is to imitate the behavior of a real system 
capturing, the cause-and-effect relationships of this system in a 
simulation model. Then, this model is used to predict the behavior of 
the system in front of different scenarios. In the literature Atlason et 
al. (2004) discussed the use of a simulation approach to the problem 
of minimizing staffing costs in a call centre subject to maintaining a 
specified service level over a specified number of time periods. 
Goodale and Thomson (2004) solved the problem of assigning 
individual employees to labor tour schedules throw simulation-based 
methods. 
 Dynamic Programming 
Many planning and control problems involve a sequence of decisions 
that are made over time. The initial decision is followed by a second, 
the second by a third, and so on. The process continues perhaps 
infinitely. In a limited sense, our concern is with decisions that relate 
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to and affect phenomena that are functions of time (Ernst et al. 2004a).  
Tuong et al. (2009) dealt with a scheduling problem of independent 
tasks with common due date where the objective is to minimize the 
total weighted tardiness. Elshafei and Alfares (2008) presented a 
dynamic programming algorithm for solving a labor-scheduling 
problem with several realistic days-off scheduling constraints and a 
cost structure that depends on the work sequence for each employee. 
 Linear Programming 
“A linear programming problem differs from the general variety in 
that a mathematical model or description of the problem can be stated 
using relationships which are called straight-line or lineal” (Gass 
2003). The complete mathematical statement of linear programming 
problem includes a set of linear equations, which represent the 
conditions of the problem and a linear function, which expresses the 
objective of the problem (Url-3).    
 Integer Programming 
Integer programming is concerned with optimization problems in 
which all the variables are required to take on discrete values. In most 
cases, these values are the integers giving rise to the name of this class 
of models (Url-3). 
The integrality requirement underlies a wide variety of applications. 
There are many situations where the flow variables are logically 
required to be integer valued. Ernst notes, “In manufacturing, 
products are often indivisible so a production plan that calls for 
fractional output is not acceptable” (Ernst et al. 2004a). There are also 
many situations that require logical decisions of the form yes/no, 
go/not go, and assign/don‟t assign.  
The reason why both linear programming and integer programming 
are not usually used is that in general cases lineal and integer 
variables coexist. The method that involves both of them is mixed 




 Mixed Integer Linear Programming 
Mixed Integer Linear Programming (MILP) has become one of the 
most widely explored methods for process scheduling problems 
because of its rigorousness, flexibility and extensive modeling 
capability. MILP considers both kind of variables, integer and lineal.  
Applications of MILP based scheduling methods range from the 
simplest single-stage single-unit multiproduct processes to the most 
general multipurpose processes (Url-3). In the literature, many studies 
related to MILP are developed.  Azmat et al. (2004) proposed a 
MILP-based method to solve a problem of scheduling a single-shift 
workforce under Annualized Hours for a manufacturing company. 
Corominas et al. (2004) developed a method for planning Annualized 
Hours with a finite set of weekly working hours and joint holidays. 
 Mixed Integer Nonlinear Programming 
Mixed Integer Nonlinear Programming (MINLP) refers to 
mathematical programming with continuous and discrete variables 
and nonlinearities in the objective function and constraints. The use of 
MINLP is a natural approach of formulating problems where it is 
necessary to simultaneously optimize the system structure (discrete) 
and parameters (continuous). MINLP problems are precisely so 
difficult to solve, because they combine all the difficulties of both of 
their subclasses: the combinatorial nature of mixed integer programs 
(MIP) and the difficulty in solving nonlinear programs (NLP) (Url-3). 
Mahmoudoff (2006) dealt with a project planning and scheduling 
when there are both resource constraints and uncertainty in tasks 
durations using MINLP-based methods. 
 Network optimization 
The term “network optimization problem” describes a type of model 
that is a special case of the most general linear program. When a 
situation can be entirely modeled as a network, very efficient 
algorithms exist for the solution of the optimization problem. Many 
times it is more efficient than linear programming in the utilization of 
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computer time and space resources (Url-3). Network optimization- 
based methods have been used by Chi (2008) to find the most 
effective ways to minimize the traffic congestion and disaster threat 
over an urban or regional evacuation network. 
 Multiple Criteria Decision Making 
The generalized area of multiple criteria decision making (MCDM) 
can be defined as the body of methods and procedures by which the 
concern for multiple conflicting criteria can be formally incorporated 
into the analytical process (Ehrgott and Gandibleux 2002). Cai and Li 
(2000) discussed a multi-criteria approach to staff scheduling where 
the different criteria include minimizing cost, assigning as many 
people as possible for that cost, and minimizing the variation of 
surplus staff.  
 Stochastic Programming 
In many practical situations, the attributes of a system randomly 
change over time.  In certain instances, it is possible to describe an 
underlying process that explains how the variability occurs.  When 
aspects of the process are governed by probability theory, a stochastic 
process is considered (Url-3). In the literature some studies are related 
to this method, Glabuius (2009) used stochastic programming-based 
method to solve a problem about scheduling police design. Another 
example is Choi (2004) where a method is developed to minimize 







3. WORKING TIME ACCOUNTS 
3.1 Introduction 
Analyzing the production system of a company, it is easy to understand that one of 
the most important questions is to match production and demand for offering a good 
service to the costumers. Some years ago, this issue has been achieved through the 
holding inventory in manufacturing companies. Nowadays, however, there is a trend 
to consider low inventory politics because of the costs that they entail. Therefore, it 
represents to take into account systems with flexible capacity (Corominas et al. 
2007). Flexible human resources are often the main means to achieve flexible 
capacity. 
Lusa et al. (2008) considered three kinds of human resources flexibility practices: 
functional, external and internal. The first one allows workers to participate at 
different points of a process and at different processes; it means that, a worker can be 
reallocated from one task to another one. External flexibility implies changes in the 
number of employees. “Staff reduction, with temporary measures or through firing 
and new hired workers, permits a continuous adaptation of capacity to the required 
level” (Lusa et al. 2008). However, this last practice is not sometimes the best option 
because for example hiring and firing schemes cannot be applied to meet short-term 
requirements when a long initial training period is necessary. Furthermore, 
accumulated knowledge and experience are considered an added value for the 
company. Finally, internal flexibility consists of using shorter or longer working time 
according to the capacity requirements. Corominas et al. (2006) noted that this kind 
of practice contributes advantages to the company because the demand can be met 
without having to hire and fire employees and minimizing the use of temporary 
personnel as well as reducing significantly the overtime and the inventory levels. 
However, this kind of practice does not only have advantages, it also has some 
drawbacks. If workers are taken into account, doing irregular hours may affect their 
private life. That is why the company may offer compensations such as a reduction in 
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the total number of working hours, an economic incentive or sometimes a guarantee 
of keeping the job even in low demand periods (Url-1). 
3.2 Definition 
“Working Time Accounts consist of hiring workers for a certain number of hours per 
period of time and distributing these hours irregularly over this period to 
accommodate fluctuations in demand, observing the restrictions imposed by laws and 
collective bargaining agreements.” (Lusa et al. 2007). 
In the literature, some studies related to Working Time Accounts are presented. Lusa 
et al. (2008), Azmat et al. (2004), Azmat and Widmer (2001) use this method in their 
cases.  
There are some modalities of flexible managing working time but Annualized Hours 
are the most useful modality for seasonal demand as Lusa et al. (2008) mentioned. 
Annualized Hours are defined as distributing irregularly throughout the year a given 
amount of hours.  
 For Lusa et al. (2008) the Working Time Accounts has to follow some conditions: 
- Every employee has a balance of worked hours, defined by a negative lower 
bound and a positive upper bound. 
- A positive balance means that the company owes hours to the worker and a 
negative balance means that the worker owes hours to the company. 
- Every period, the number of hours worked above a reference is added to the 
balance, while the number of hours worked below the reference value is 
subtracted from the balance. This way, the positive (negative) balances are 
compensated in the future working below (above) the reference value. 
- The distribution of working time must comply with some bounds and 
conditions either set in law or in the agreement between the company and the 
workers. 
3.3 Application Areas 
Working Time Accounts appeared in Europe as early as 1967 and later spread to the 
United States (Owen, 1977). Schulten (1998) mentioned that the WTA was 
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implemented in Germany by the automotive sector and developed afterwards in other 
industries and countries. A 1984 agreement between IG Metall and the metalworking 
employers‟ association, Gesamtmetall, about the establishment of WTA was a major 
boost to these practices (Url-2). After this agreement automotive companies like 
Volkswagen, Opel, DaimlerChrysler and BMW, adopted working time flexibility 
clauses. WTAs have been also adopted in factories in the rest of Europe, for example 
in France; Renault adopted this scheme by means of collective agreement in January 
1996. Peugeot Citroen introduced annual accounted working time and Working Time 
Accounts in March 1999. In this case, the number of hours that workers can owe to 
the company at the end of the year was limited to the equivalent of five working 
days. In Spain, several companies, such as Renault, Opel, Seat and Sony factories, 
have adopted different flexibility schemes from the late nineties. This also happened 
in Austria, where the BMW plant in Steyr has operated flexible working time 
schemes since May 1999, and in the United Kingdom, in the Oxford factory of Mini 
(BMW Group) (Lusa et al. 2008). 
Recently, in the literature a large number of studies related to this term are 
developed. Corominas et al. (2006) dealt with the problem of planning the 
production and the working time of the members of a human team involved in a 
multi-product process under an annualized hours agreement. Corominas et al. (2004) 
dealt with the problem of planning annual working hours in which the weekly 
number of working hours for any worker must fall within a previously agreed 
interval.  
Despite having their origin in the automotive industry, WTA can be applied to other 
manufacturing activities and to service as well. 
3.4 Working Time Account in Manufacturing Environment 
The planning problem in manufacturing under a WTA scheme has some 
characteristics that make it very different from the classic workload coverage 
problem in services. On one hand, the possibility of using inventories; on the other 
hand, manufacturing processes usually require the simultaneous presence of a group 
of workers, thus limiting the use of individual timetables (Azmat et al. 2004). 
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The production planning problem in a manufacturing company has been studied in 
just few documents. In one of them, Corominas et al. (2007) developed a production 
plan and a working time for a company taking into account two situations, one with 
fixed holidays at the same time for all workers and the other with non-fixed holidays. 
Lusa et al. (2008) raised a solution of a situation with the same aim in a multi-
product manufacturing process company. Another example is Azmat et al. (2004), in 
this paper a mixed integer programming-based method is developed to schedule a 




4. LITERATURE REVIEW 
4.1 Introduction 
This chapter provides a more specific view of previous studies on personnel 
scheduling. It introduces the framework for the case of study that comprises the main 
focus of the research described in this thesis.  
4.2 Literature Review in Personnel Scheduling 
It is important to set the context of the literature review studies by first providing: 
- The context of the study. 
- The method used to solve the problem raised in the case. 
- The application area, in which the situation is developed. 
Table 4. 1: A Taxonomy for personnel scheduling. 
Citations Context 
Solution 
Method Application Area 










with multiple shifts and 
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(2008) 
Personnel Scheduling and 








Lusa et al. (2008) Personnel Scheduling 
Mixed Integer 
Programming Production environment 
Zeghal and Minoux (2004) Personnel Scheduling 
Mixed Integer  
Programming Air Transportation 
Ernst et al. (2002) Personnel Scheduling 
Mixed Integer  
Programming Train Transportation 
Hertz et al. (2010) Personnel Scheduling 
Mixed Integer  
Programming Production environment 
Wright (2004) Personnel Scheduling 
Mixed Integer 
Programming Healthcare Environment 
Wan (2005) Personnel Scheduling 






A detailed examination of the solution methods used in each study developed.  The 
parameters, variables, constraints and objective function(s) taken placed in the 




5. MODEL BUILDING 
5.1 Introduction 
The aim of this chapter is to develop, build, solve and verify a mathematical model 
for the personnel scheduling problem of a human team involved in a multi-product 
process. This study focuses on a small manufacturing company with full-time 
workers where the demand of products is forecasted at the beginning of the studied 
period. The demand of products in the studied company has a high degree of 
fluctuation. It is really important to develop a correct production planning to 
eliminate the overtime hours and lost demand because of bad planning. A correct 
production planning, considering permanent and temporary workers, is enough to 
cover the demand without overtime.  
5.2 Specifications of the Model  
The planning consists of the determination of weekly quantity of products and 
weekly number of permanent and temporary workers in this industrial process for 
each week of the planning horizon. The objective is to obtain a regular level of work 
during the year taking into account the different constraints that it supposes.  The 
level of work refers to the global production of the workforce during a week. 
The characteristics of the problem are summarized as follows: 
- There are different products to plan and their forecasted demand is known. 
The company knows the number of units of each product that must be 
delivered at the end of every week.   
- The demand cannot be deferred, neither lost. The whole demand must be 
satisfied. 
- The products can be stored but the stock is upper bounded. A maximum 
number of pallets is considered into the storage place. 
- Only one kind of product is stored in each pallet. 
- In a first experiment, the stock at the beginning of the year is known. A 
second experiment considers the initial stock as a variable.  
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- At every week, except holiday weeks, all workers must perform the same 
working hours. 
- Permanent workers choose their holidays according to the agreement between 
the workers and the company before the beginning of the working period.  
- The presence of temporary workers can cause a reduction of the production 
quantity of each product (units produced each hour). 
- The number of hours for each week is fixed. 
- A maximum number of employees working at the same moment is fixed. 
These conditions can be modeled in a mixed integer linear programming model. 
5.3 Model Formulation 
Taking into consideration the literature review, a mathematical model has been 
developed with the objective of solving the problem of production planning. Some of 
the studies mentioned in the literature review used similar parameters, variables and 
constraints to solve their situations, always considering the special characteristics of 
each problem.  
In this study two kinds of workers are considered, permanent workers and temporary 
workers. In the literature Al-Yakoob and Sherali (2007) and Corominas and Pastor 
(2008) considered different categories of employees. Another example is Corominas 
et al. (2008), where a fixed number of permanent workers is determined and the 
assignment of temporary workers in each week is fixed. Zeghal and Minoux (2004) 
consider three kinds of workers, instructors, pilots and officers to solve a problem 
related to air transportation.  Two new parameters are used in this study; it refers to 
the maximum number of personnel working at the same time and a minimum number 
of permanent workers for week. The first one is used as a limitation of capacity in the 
factory; the second one is imposed because it is necessary a minimum number of 
workers with experience in each moment.  
As it is mentioned before, a multi-product process is considered. Corominas et al. 
(2007) studied the situation of a manufacturing company with a set of different 




The planning horizon, in this study, a year, has been divided in weeks. It means 52 
periods during a year. In the literature, Al-Yakoob and Sherali (2007), Corominas 
and Pastor (2008), Corominas et al. (2007), Lusa et al. (2008), Hertz (2010) and 
Wright (2004) considered the same division during a year. However, Wan (2005) 
developed weekly shift scheduling dividing this week in periods of 1 day.  
The holiday weeks are considered by almost all the studies. Azmat et al.(2004) used 
a binary parameter depending on the worker and the period  that represents if a 
worker take a period as a holiday or not. In this study, a similar parameter is used in 
order to determinate the holiday week for the permanent worker considering the 
agreement between the company and the employees. The agreement determines that, 
the holidays must be chosen between the months of May and October, both of them 
included, and the number of days is fixed in 30,  periods of minimum 1 week for 
each worker. 
Another parameter to consider is the forecast demand of a product during a specific 
period, in this situation a week.  In this study, the same parameter that Corominas et 
al. (2007) considered is used to define the demand for each week of each product. In 
the literature, it is possible to find other ways to consider the demand such as 
Corominas and Pastor (2008) that represented the demand as the number of hours 
needed for each product during each week. In this study, another parameter is used to 
connect demand to hours, the production quantity. The production quantity is defined 
as the number of units that a worker can do in one hour. Corominas et al. (2007) 
consider the same production quantity for a temporary worker than for a permanent 
worker. In the present study, a value is considered to penalize the absence of 
experience for a temporary worker. 
Inventory is taken into account.  The products are placed on pallets. Depending of 
the product, the number of unit in each pallet is different. It means that, a parameter 
has to define the number of units in each pallet. The space in the stocking area is 
limited by a maximum number of pallets. In the literature, it is possible to find 
another way to consider the stock. For example, Corominas et al. (2007) defined that 
the inventory was perishable. It means that, this stock must not be in the stocking 
area more than a specific time. Otherwise, the product has to be eliminated. A 
different parameter is used to represent the initial inventory at the beginning of the 
planning horizon for the first experiment. 
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There is one more parameter  in the model, the number of hours for person for each 
week. In the literature Azmat et al. (2004), Corominas and Pastor (2008), Corominas 
et al. (2007), Lusa et al. (2008), and others did not consider a fixed number of hours 
for week, the special case of Working Time Account was taken into account. 
However, the timetable in this study is fixed, with the same hours every day and 
every week.  
The following parameters are used in the model: 
W:  Set of permanent workers. 
T:   Set of temporary workers. 
WT:  Maximum number of workers each week. 
E:  Minimum number of permanent worker each week 
Q:  Set of products. 
P:  Set of weeks in the planning horizon. 
TP: Number of weeks of the planning horizon.  
NP: Number of holiday weeks during a year. 
Xwp∈ {0, 1}: this parameter takes value 1 if week p is a non holiday week for the 
permanent worker w, otherwise 0 (p = 1,..., P). 
dqp:  Forecast demand for product q at the end of week p (q = 1,...,Q; p = 1,...,P ). 
hq:  Production quantity (in units for hour for employee) of product q for a 
permanent worker (q = 1,...,Q). 
V:   Value that penalize the absence of experience for a temporary worker (V≤1). 
Stiniq: Inventory of the product q at the beginning of the planning horizon. It is used 
for the Experiment 1. 
uq:  Unit of product q in one pallet (q = 1,...,Q). 
MAX: Maximum number of pallets for stock. 
TN:  Number of hours for each week and each person. 
Having the parameters defined, the next step is to present the variables that are used 
to solve the problem. 
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First of all, it is necessary to define which workers will work in each week. Because 
of this, four variables are created, two for permanent workers and the other two for 
temporary workers. All of them are binary variables that show if the employee will 
work during a specific week or not. The two variables for permanent workers will 
have the same value. The same will occur with the two variables for temporary 
workers. The reason of creating two variables for each kind of employees is to 
facilitate the creation of the equations in the model. It is shown in the next section.  
In the literature, it is possible to find different cases of binary variables used to define 
if an employee works under specific conditions or not. For example, Wan (2005) 
defined a variable to represent if an employee works during a specific shift in a 
specific day. Another example can be Zeghal and Minoux (2004) that used binary 
variables to establish if a pilot, officer or instructor is assigned to a fixed flight 
segment.  
Another important variable to define is the quantity of production for each product 
for each week. Corominas et al. (2007) and Lusa et al. (2008) defined the same 
variable that will be used in this study. It is a non-negative variable that shows the 
number of units of each product elaborated in each week.  
To connect the variable of production with the demand it is necessary to create a new 
variable, the stock or inventory at the end of each week. In the literature, Corominas 
et al. (2007) and Lusa et al. (2008) also used this variable depending on the kind of 
products and the week considered.  
Another variable denotes the difference of the total working hours between two 
weeks. It means the difference between the levels of production in two weeks.  The 
working hours of a temporary worker can be considered less productive than the 
working hours of a permanent worker. This difference can be positive and negative 
and it is evident that the value of the difference between the week “a” and the week 
“b” is the same as the difference between the week “b” and the week “a” with the 
opposite sign. Because of this, two new variables are created, one for the positive 
difference and the other one for the negative difference.  
The following variables are used in the model: 
Cwp ∈ {0, 1}: This variable takes value 1 if permanent worker w works during week p. 
Otherwise 0 (∀w ∈ W; ∀p ∈ P). 
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Cws ∈ {0, 1}: This variable takes value 1 if permanent worker w works during week s. 
Otherwise 0 (∀w ∈ W; ∀s ∈ P). 
Mtp ∈ {0, 1}: This variable takes value 1 if temporary worker t works during week p. 
Otherwise 0 (∀t ∈ T; ∀p ∈ P). 
Mts ∈ {0, 1}: This variable takes value 1 if temporary worker t works during week s. 
Otherwise 0 (∀t ∈ T; ∀s ∈ P). 
Produqp:  Units of product q obtained at the end of week p (∀q ∈ Q ; ∀p ∈ P). 
Stqp:  Stock of product q at the end of week p (∀q ∈ Q ; ∀p ∈ P). 
Difps: Difference of the total working hours between two weeks (∀p ∈ P; ∀s 
∈ P). 
Difposps: Positive variable, which shows the positive difference of the total 
working hours between two weeks (∀p ∈ P; ∀s ∈ P). 
Difnegps: Negative variable, which shows the negative difference of the total 
working hours between two weeks (∀p ∈ P; ∀s ∈ P). 
Finally, it is necessary to develop the model to solve the problem. As it is explained  
before, the purpose is to find a regular level of work during the year taking into 
account the different constraints that it entails.  This decision is taken by the 
production manager of the company, considering the characteristics of the production 
process and taking into account that, the satisfaction of the employees is an important 
factor for the company.  It means that, with a regular production during the year, the 
fact of dismiss and the rotation of the employees will be lower.  Therefore, the way 
to minimize the difference of work between weeks is considering the total number of 
working hours during a week involving all the employees. 
The objective function and the constraints of this study are presented. After this, a 
brief explanation of each one is done. 
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The objective function to minimize (1) is the positive differences of the total number 
of working hours between weeks, with the aim of obtaining a regular level of global 
production. Only the positive values are considered because, as it is explained before, 
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all pairs of weeks have a positive and a negative difference depending on which one 
is considered before; equation (2) develops this difference, comparing the number of 
permanent and temporary workers between weeks. The level of inexperience is 
considered for temporary workers imposing the parameter “V”; (3) shows the 
division of the difference between positive and negative; (4) expresses, for each 
week and each product, the balance of production, demand and stock. This 
expression is found in some studies in the literature. For example, Corominas et al. 
(2007) and Lusa et al. (2008) used a same equality to represent this balance; (5) 
determines for the first week and each product, the balance of production, demand 
and stock; (6) imposes an upper bound for the stock, a maximum number of pallets 
that can be stored; (7) imposes that, if a permanent worker works during the first 
week he must work during all the year. This is the condition of permanent worker.; 
(8) forces the condition of temporary worker, he cannot work more than half a year; 
(9) expresses the balance of production for each week taking into account temporary 
workers and permanent workers; (10) imposes that, a permanent worker cannot work 
during a holiday week; (11) determines a maximum number of workers during a 
week; (12) imposes a minimum number of permanent workers during a week. This 
constraint represents the necessity of employee with experience in the workplace. 
Supposing that, the initial inventory was elaborated considering the next year another 
constraint is imposed for the final inventory; (13) expresses that, the final inventory 
must be related to the initial inventory. (14) and (15) impose that these variables have 
the same value for a worker. Finally, (16), (17) and (18) express the non-negative, 
binary character and real character of each variable; (19) forces that the value of 
positive difference must be positive and the value of negative difference must be 
negative. 
5.4 Computational Study 
Two computational experiments were performed in order to evaluate the 
performance of the model. The set of data and parameters used for the computational 
study is obtained by the company analyzed. These values belong to the year 2009.  
The difference between the first experiment and the second is the consideration of a 
fixed initial inventory. It will show the importance of initial inventory at the 
beginning of the planning horizon.  
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The common data used for the experiments is as follows: 
W: The number of possible permanent workers is fixed in 40. 
T: There is a set of 40 possible temporary workers. 
WT:  80 employees is the capacity of the production process in a week. 
E: 20 permanent workers are necessary to instruct the temporary workers. 
Q: The company produces 43 different products. 
P: The set of weeks is 52. The planning horizon is one year. 
TP: 52 weeks.  
NP: The agreement between company and workers fixes this number in 4 weeks. 
hq:  These values of the product quantity for each product are in the Appendix 
B.1.  
uq: The values of the number of units stored in a pallet for each product are in the 
Appendix B.2. 
Xwp The table with the values of working and holiday week for each permanent 
worker is in Appendix B.3. 
dqp:  The table with the values of the forecast demand for each product and each 
week is in the Appendix B.4. 
V:  This value is considered 1. The experience elaborating the product is not an 
important value in this study. 
MAX: Owing to the agreement between the distribution company and the analyzed 
company, the maximum number of pallets is considered as 6.000. 
TN: The number of hours for week is 40. It represents 8 hours during 5 days. 
Before introducing the first computational experiment, it is interesting to show the 
fluctuation of the demand during the year. The demand will be represented as a 
value, which shows the quantity of working hours necessary to cover this demand for 
each week. The parameter, which connects the demand and the working hours, is the 





Figure 5. 1: Necessary working hours. 
The Figure 5.1 shows that during the planning horizon several peaks of demand  
exist. The first one, during the seventh week, it is the most prominent. The second 
bigger is during the week 37. Two more peaks are represented in the figure, during 
the weeks 21 and 34.  The reason of these peaks is that this level of production is 
destined to big clients who promote the products on a large scale.  
After observing the figure, it is easy to realize that a production planning is necessary 
for the smooth running of the company. The results of the next situations will 
determine the number of permanent and temporary workers needed to cover the 
demand and the quantity of production for each product, which must be done for 
each week. Furthermore, the level of inventory for each product and for each week is 
obtained. 
5.4.1 Computational experiment 1 
In this first experiment, an initial inventory provided by the company is considered. 
This information is in the Appendix C.1.   
The efficiency of the model was tested using the modeling software GAMS and the 
ILOG CPLEX 12.1.0 optimizer with an Intel Core 2 Duo CPU (2,1 GHz and 3070 
Mb of RAM).  A relative gap of 0.02 was set. It represents that, the solution found 
will differ less than 2 per cent of the best solution. The reason of imposing this 
constraint is the processing time to find the optimal. Many a time, it is better to get a 
good solution in a reasonable time than try to get the optimal solution, which suposes 
the availability of time and memory and sometimes the impossibility to find the 
optimal solution. In this experiment, a difference of 2% with the optimal solution is 






















and the solve summary can be found in Appendix C.2.1 and Appendix C.2.2 
respectively.  
In this situation, the optimal solution is not obtained. The solution differs 1,76% 
from the optimal with an execution time of 0,577 seconds. The solution is considered 
satisfactory.  
The results obtained after the solution can be found in the Appendix C.3. The first 
table shows the values of the variable Cwp for each permanent worker and each week; 
the next table shows the values of Mtp for each temporary worker and each week. 
Both of them determine the number of workers during each week. The Table C.2.3 
represents a summary of the two tables before. Next, the values of production are 
shown for each product and each week. To understand this values, the Table C.3.5 is 
created, which represents the total number of working hours for each week. Two 
more tables represent the level of inventory at the end of each week and the number 
of pallets necessary to store these products. Finally, the last tables show the 
difference of production between each pair of weeks separating this difference 
between positive and negative values, as it is explained before.  
The next figures have been used to facilitate the understanding of the solution. The 
first one represents the level of working hours necessary for each week to cover the 
demand taking into account the constraints and the objective function of the model. 
 
 
Figure 5. 2: Experimental working hours. Experiment 1. 
This figure proves that, the inventory at the beginning of the planning horizon is 
important. Because this reason, it is not possible to get a regular level of production 

























necessary to cover the demand. During the other weeks of the planning horizon a 
regular production has been obtained.   
The next figure shows the different level of employees during the planning horizon. 
A distinction between permanent workers and temporary workers is done. Also the 
total number of workers during each week is shown. 
   
 
Figure 5. 3: Number of employees. Experiment 1. 
Paying attention to the total number of workers, a similarity between this graphic and 
the graphic before exists. The number of working hours is directly related to the 
number of workers, therefore it is evident that the two graphics must represent the 
same in a different scale. Considering the other two representations, first of all, the 
initial requirement of working hours is compensated by the temporary workers 
during the first seven weeks. It is noteworthy that during the holiday period, when 
the permanent workers can choose their holidays, the number of temporary workers 
is increased to counteract the lack of employees. 
Next, a figure with the level of stock of each week is presented. The total number of 


































Figure 5. 4: Number of pallets. Experiment 1. 
This figure shows the number of pallets of stock for each week. It is worth 
highlighting the decrease of the number of pallets during the week 7. It is easy to 
understand that, the reason of it is the peak of demand during this week. It is possible 
to observe the same situation on a same scale, during the week 37 and on a lower 
scale during the week 21 and 34. 
5.4.2 Computational experiment 2 
In this second experiment, the initial inventory is considered as a variable. The 
definition is the next: 
Stiniq: Stock at the beginning of the planning horizon for each product q   
(q = 1,...,Q). 
A new constraint must be imposed for this variable: 
 
      
  
 
   
                                                                                                                         
This constraint imposes that, the maximum number of pallets for inventory at the 
beginning of the planning horizon is upper bounded by the capacity of the storage 
place. 
The program will determine the number of units that must be at the end of the 
previous year to minimize the objective function. The same program is used with the 




























The model of this second experiment presented in Gams language and the solve 
summary can be found in Appendix D.1.1 and Appendix D.1.2 respectively. In this 
situation the optimal solution, relative gap equals zero, is obtained  with a computing 
time of 0,593 seconds. 
The results obtained after the solution can be found in the Appendix D.2. As in the 
Experiment 1, the tables show all the values of the variables and there are also some 
tables to summarize these values. These are Table D.2.3, which shows the number of 
employees during each week, Table D.2.5 which determines the total number of 
working hours for each week, Table D.2.7 which shows the number of pallets stored 
each week and finally D.2.11 describing the optimal quantity of inventory at the 
beginning of the planning horizon. 
The same figures as the first experiment have been used to represent the solution. In 
the first one, the level of working hours necessary for each week is shown. 
 
 
Figure 5. 5: Experimental working hours. Experiment 2. 
This figure shows that, the result of the objective function is 0. It means that the 
working hours during each week of the planning horizon are the same. It is possible 
because the inventory at the beginning is enough to not need extra employees during 
the first weeks to satisfy the peak of demand on the seventh week.  
The following figure represents the amount of permanent and temporary workers 
necessary for each week. As in the first experiment, the total number of employees 

























Figure 5. 6: Number of employees. Experiment 2. 
As it was supposed, the graphic of the total number of workers is represented as a 
straight horizontal line. It means that the same number of employees will work 
during each week. During the holidays period, an increase of the number of 
temporary workers to supply the lack of permanent workers and maintain the same 
level of production exists. 
The last figure shows the variation of number of pallets during the year.   
 
Figure 5. 7: Number of pallets. Experiment 2. 
This graphic is very similar to the graphic of the first experiment, emphasizing the 
variation of the number of pallets at the end of the week 7. Three other peaks, during 


















































5.5 Validation of the Model. 
After developing the model and obtaining results, it is necessary to validate the 
obtained solution. On the one hand, a verification of the experimental level of 
working hours obtained is done, comparing these values with the demand of working 
hours. On the other hand, a comparison with the real values is considered.   
5.5.1 Verification of working hours 
The forecast demand supposes a number of necessary working hours during each 
week to cover it, the representation of this level of working hours can be found in the 
Figure 5.1 and the values in the Table B.5. The experimental level of working hours 
obtained with the experiments is represented in the Figure 5.2 and in the Figure 5.5 
for each situation. The following figure shows the necessary and the experimental 
values of working hours for each experiment. 
 
Figure 5. 8: Representation of working hours. 
In the Figure 5.8 the level of working hours is shown. The problem is that, in the 
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working hours is enough to cover the demand of working hours. Depending on the 
week, the level of experimental working hours is larger than the level of necessary 
working hours and vice versa.  It is possible because of the level of inventory. The 
difference between the necessary level and the experimental level of working hours 
in a week is compensated by the inventory at the beginning of these weeks.  
For the validation of the model, it could be interesting to show that, during the year, 
the planning of working hours in both experiments is enough to cover the demand. 
The way to prove this is to calculate the cumulative level of working hours for both, 
necessary hours and experimental values. Three different situations can occur at the 
end of a week: 
- The cumulative experimental level of working hours is larger than the 
cumulative necessary level of working hours: In this week, the demand can 
be covered and it exists a level of inventory. 
- The cumulative experimental level of working hours is equal than the 
cumulative necessary level of working hours: In this week, the demand can 
be covered but the inventory will be inexistent. 
- The cumulative experimental level of working hours is shorter than the 
cumulative necessary level of working hours: In this week, the demand 
cannot be covered. It means that, if this occurs, the model has an error and the 
experimental values are wrong.  
The following figures represent the comparison of the cumulative level of working 
hours for both experiments, Experiment 1 and Experiment 2. A table with the values 





Figure 5. 9: Cumulative level of working hours. Experiment 1. 
The Figure 5.9 shows that, the level of the experimental working hours is larger than 
the level of necessary working hours during the year. It means that all the demand 
can be served. It is necessary to emphasize the two points where the values of the 
necessary and the experimental level are close. The reason is the peaks of demand 
during both periods. 
Two more points of the figure must be commented. The first point is the difference 
between both levels at the beginning of the year. It is because the initial inventory is 
taken into account. The initial inventory can be represented by a number of working 
hours necessary for obtaining this amount of units. It is considered that, this 
inventory was planned consciously thinking of the demand forecast of the following 
year. The second point is the different between both levels at the end of the planning 
horizon. This difference belongs to the final inventory, which is the same as the 
initial inventory for the next planning horizon. This condition is considered in the 
model. 
In this first experiment, the third possible situation exposed before does not occur 
during any week. It means that the demand can be covered during each week of the 
year.  



































Figure 5. 10: Cumulative level of working hours. Experiment 2. 
In the Experiment 2 the same situation as in the Experiment 1 is shown. During the 
planning horizon the level of experimental working hours is larger than the level of 
necessary working hours. The figure shows that, as in the figure before, during the 
week 7 both levels are similar. The reason is, also, the peak of demand during this 
period. The final inventory is shown in this figure; in this case, this inventory is 
larger than in the Experiment 1. 
5.5.2  Comparison with the real case 
The purpose of this section is to compare the differences between the real values and 
the experimental results obtained. As it is known, the number of employees during 
each week and, therefore, the number of working hours are the values that determine 
the level of production and the satisfaction of the demand.  
First, the number of employees is compared between the real case and both 
experimental cases. The number of employees during the year for the real case can 
be found in the Appendix E.2. The first table represents the weeks that permanent 
employees work and the second table shows the same values for temporary workers.  
Table E.2.3 represents the total number of workers for each week and for each case. 



































Figure 5. 11: Number of employees for each situation. 
This figure shows the fluctuation of the number of workers during the year in the real 
situation. It is worth highlighting the two peaks of the number of workers. The 
reason is the high level of demand during this period. This fluctuation is created by 
the variation of the number of temporary workers. The number of permanent workers 
for each situation is represented in the next table. 
Table 5. 1: Number of permanent workers for each situation. 
 
Experiment 1 Experiment 2 Real Case 
Number of 
permanent workers 
30 32 17 
A difference between the real case and both experiments exists. The reason is that, 
both experiments are trying to get a regular level of production during the year; it 
means a fix number of workers during the year. On the other hand, in the real case 
the number of employees depends on the demand of the period. 
However, the average of the number of employees during the year is similar. In the 
next table these values and the maximum and the minimum number of workers are 
represented.  
Table 5. 2: Comparison of values for each situation. 
 
Experiment 1 Experiment 2 Real Case 
Average of number of 
workers 
32,1 32 34,94 
Minimum number of 
workers 
30 32 18 
Maximum number of 
workers 
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The difference between the average of workers between both cases and the real case 
is only about 8,4 %. The difference could be due to the personnel leave of absence 
and, of course, to the fact of non-optimal situation. In a real case, more hitches could 


























6. CONCLUSIONS AND FUTURE WORK 
6.1 Conclusions 
In this study, the personnel scheduling problem has been dealt with in the context of 
a multi-product manufacturing company. It has focused on developing and 
evaluating a mathematical model for solving the personnel scheduling and 
production planning for a company taking into consideration the real characteristics 
of this production process. A mixed integer linear program has been developed, built, 
solved and verified in two different situations, both of them with the aim of obtaining 
a regular level of working hours during the planning horizon. 
In chapters 2, 3 and 4 a literature review of personnel scheduling has been included 
to create a theoretical basis with the objective of facilitating the developing of the 
mathematical model. In the chapter 4 a number of related studies to personnel 
scheduling is considered, specifically the mathematical formulation used to solve 
each different situation.  
Considering the analyzed company, the chief benefits of this study are the facility 
and the flexibility of the developed model. On the first hand, it is easy to introduce 
the parameters and the interpretation of the results is direct. The parameters have 
been introduced directly to the model, some of them by tables and the others 
individually.  The obtained results show the permanent and the temporary workers 
who must work, and the level of production for each product and each week. 
Moreover, with the results it is possible to control the level of inventory and the level 
of pallets during each week for each product in the storage place. On the other hand, 
it is possible to change the parameters and the constraints of the model to adapt these 
to the characteristics that are expected to be studied. In this study, the real 
characteristics of the actual production process are taking into account. All the 
parameters are obtained by the production manager of the company. 
As it is mentioned before, two different experiments have been considered. In the 
first one, the initial inventory is fixed, it is the real inventory of the company at the 
beginning of the planning horizon. In the second experiment, the initial inventory is 
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considered variable. It means that, the result of the optimal level of inventory will be 
obtained, considering the constraints, which will permit a regular level of production 
during the year. The results of both experiments can be consulted in chapter 5.  
Another benefit of this model that must be mentioned is the speed for obtaining a 
result. In both situations, the execution time of the program is inconsiderable. It 
means that, with a few seconds a good solution can be obtained. In the first 
experiment, the solution differs from the optimal less than 2%. This result is 
considered satisfactory as it is explained in the chapter 5. On the other hand, the 
solution of the second experiment is optimal.  
The objective function has been decided, also, by the production manager with the 
objective of improving the quality of the production process for both, company and 
employees. For the company, a regular level of production during the year could 
facilitate, among other things, the relations or the agreements with the suppliers and 
the possibility to accept new orders during the planning horizon in periods of high 
demand. For the employees, it could mean an increase of the number of permanent 
workers. The presence of temporary workers could be only necessary for period of 
high level of demand and period of holidays for permanent workers. As the results of 
both experiments show, the level of workers during the year is regular. There is only 
a period during the first experiment when the level of workers is higher than during 
the year. The reason is that, it is necessary a larger number of employees to cover the 
demand during this period. This situation does not appear in the second experiment 
because the initial inventory is calculated in relation to the forecast demand.  
In the validation of the model it is possible to observe that, the average level of 
workers during each month obtained with the experiments is similar than the real 
values. It means that the level of working hours  is also similar. There is a difference 
of an 8% between the real values and the experimental ones. This difference can lies 
in different reasons. One of them and maybe the most important is the consideration 
of an optimal situation in the study of the case. In the real life, unexpected situation 
can happen, like refunds of products because of manufacturing faults, low 
performance of employees, personnel leave of absence and others, which can reduce 
the estimated level of production. Because of this, it is necessary to consider a 
security factor for covering all the demand without problems.  
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Apart from these reasons, there is another situation, which is not considered in this 
study. During the year, there are a fixed number of days that the company must be 
closed; these days are the general and local holidays depending on the country and 
the region. In the next section, this shortcoming is commented in depth.  
6.2 Future Work 
Among the possible future research directions suggested by the present study, some 
possibilities to be developed exist. 
First of all, an important study could be the consideration of general and local 
holidays during the year. Taking into account this kind of holiday days, a difference 
in the number of working hours during a week is created. As it is explained before, 
the objective function consist of obtaining a regular number of the total working 
hours during every week and it can be obtained with a similar number of workers 
every week.  If the weeks have different number of working hours, the number of 
workers will fluctuate. Therefore, it will be necessary to consider different kinds of 
weeks depending on the number of working days or to consider each day 
individually, day working hours instead of week working hours. 
In the chapter 3, a review of Working Time Accounts and specially Annualized 
Hours is presented. Another direction for future work could be the analysis and 
application of Annualized Hours for the company studied. The level of production 
would be different during the year but is possible to maintain the same workers 
during the year without having to hire and fire employees. 
 As it is mentioned before, the production manager of the company has decided the 
objective function to analyze.  It could be interesting to consider a different kind of 
objective function depending on the situation of the company. For example, 
nowadays with the economic crisis, depending on the company it is not a good 
moment to work with a regular level of production. The reason is the long period 
between the production and the sale, production process has some costs associated 
and the sale is necessary to counteract this expense. A production depending on the 
level of demand to reduce this period could be more interesting. A different objective 
function could be considered in this case. 
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Finally, as it is presented in the chapter 2, the personnel scheduling problem is 
broken down in different stages. In this study, the stages of demand modeling and 
days-off scheduling are considered in the model. The stage of shift scheduling is 
done by the company; there are 2 shifts of 8 hours every day. Apart from these stages 
three more must be considered; line of work construction, personnel assignment and 
task assignment. It is clear the number of units that have to be produced during each 
week but it is necessary to fix which workers will do which task and when. The 
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Table A. 1: Literature review for personnel scheduling. 




W:  number of workers 
which have to be hired 
during the planning 
period 
wj:  workforce per 
operating day in week j 
 Kj:  number of operating 
days in week j 
 sj:   shift length per 
operating day in week j 
yw:   normal work length 
per worker over a year 
excluding holiday weeks  
Eh:   maximal number of 
overtime hours per 
worker over a year 
 vijk: 1 if worker i takes 
day k as off-day 
(holidays) in week j , 0 
otherwise 
B: large positive number 
 
 
Xijk:  if worker i works in 
week j during day k, this 
variable takes value 1, 0 
otherwise 
 ei:   represents the 
number of yearly 
overtime hours of worker 
i 
 p+if: number of working 
hours that worker i must 
work more than worker f 
over the year 
 p-if:  number of working 
hours that worker i must 
work more than worker f 
over the year 
 yij:  if worker i works at 
least one day during week 
j , this variable takes 
value 1, otherwise 0. 
 zij:  if worker i works at 
least one day during two 
consecutive weeks (j and j 
+ 1), this variable takes 
value 1, 0 otherwise 
 
Workers‟ 
constraint  implies 
that each worker 
should not work 








worker must be 




that exactly wj 
workers are 
employed each day 
k during week j 
 
Holiday constraint 
assigns zero to the 
variable xijk if 
worker i takes 
holidays during 







(worker i and 
worker f ) either in 
variable p+if or in 




The objective function 
minimizes, on the one hand, 
the difference between the 
workload of each pair of 
workers and, on the other 
hand, the total number of 
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D: duration of the time-
horizon, this is assumed to be 
a multiple of weeks. 
 
N: number of weeks in the 
time-horizon. 
 
Γ: set of days in the time-
horizon. 
 
Γi ⊆ Γ: set of days that 
represent the ith week of the 
time horizon. 
 
ΓWD ⊆ Γ and ΓWE ⊆ Γ: 
respectively, subsets of 
weekdays and weekends in Γ. 
 
ΓWDi ≡ Γi ∩ ΓWD and ΓWEi ≡ 
Γi ∩ ΓWE. 
 
Λ = {1, 2, 3}: set of working 
shifts, where t = 1:the 6:00 
a.m. - 2:00 p.m. shift, t = 2: 
the 2:00 p.m. -10:00 p.m. 
shift, and t = 3: the 10:00 p.m. 
-6:00 a.m shift; 
 
A: number of work centers. 
 
K: employees‟ categories. 
 
Ck: per week cost to hire an 
employee of category k. 
 
Mk: number of available 
employees of category k. 
 
Φk: set of employees of 
category K. 
 
DWDk,l,t and DWEk,l,t : 
respectively the demands for 
employees of category k at 
work center 
l during shift t on weekdays 
and on weekends, for given 
work center l ∈ Π and a given 
shift t ∈ Λ. 
 
α1 α2 α3 α4: Reflect the 
significance to the scheduler 




xkedlt:  if 
worker e is 
assigned to 
work center l 
during shift t  
on day d  this 
variable takes 
value 1, 0 
otherwise. 
wke:  if worker 
e is  selected 
during the 
given time-
horizon  this 
variable takes 
value 1, 0 
otherwise. 
zked:  if d is  
an on-day for 
employee e  
this variable 
takes value 1, 
0 otherwise. 
fkedlt:  the 
number of 
employees of 
category i that 
are used on 





work center l 







For a given work center 
l and shift t, the demand 
for employees of 
category k is the same 
for weekdays. However, 
two shifts of the same 
day do not necessarily 
have the same demand. 
The demand for 
weekends is also de 
same. The constraint 
guarantees that there are 
DWDk,l,t employees of 
category k or higher 
allocated for work center 
l during shift t on day d. 
 
An employee e may 
work at some center l 
during shift t on day d 
only if this day is an on-
day for this employee. 
Also any given 
employee may be 
assigned to at most one 
shift per day. 
 
An employee may work 
for at most five shifts at 
the various work centers 
during a given week. 
Also every selected 
employee will have at 
least two off-days per 
week. 
 
The maximum number 
of consecutive on-days 
that may be assigned to 
an employee is five. 
 
Employees are not 
permitted to work 
during two consecutive 
shifts on any given day 
or over two consecutive 
days, either at one work 
center or at different 
work centers. 
 
Restrictions related to 
preferences of the 
workers are added 




The objective function aims to 
minimize the overall cost of the 
selected workforce, the sum of 
preferences indices as expressed 
by the individual employees 
with respect to work centers and 
shift choices, and with respect to 
desired off-days, and the sum of 
absolutes differences in 
preference achieved from some 
central preference value for 
selected workers. The 
corresponding objective terms 
are given with respective weight 
factors. α1 α2 α3 α4. 
  
63 











T:  weeks in the planning horizon. 
E:   set of members of staff. 
C:   set of categories of workers. 
F:   set of types of tasks. 
P: penalty matrix: each of its 
finite elements, pjk, corresponds to 
the penalty associated with an 
hour of work for a task of type k 
of a staff member of category j. 
An infinite value for an element 
pjk indicates that workers of 
category j cannot perform tasks of 
type k. 
ρjk:   relative efficiency associated 
with staff members of category j 
in the accomplishment of tasks of 
type k. ρjk= 0 indicates 
those workers of category j are 
not able to perform tasks of type 
k. 
Ck:  set of categories of workers 
that can be assigned to tasks of 
type k. 
Fj:   set of types of tasks that can 
be performed by workers of 
category j. 
Ej:   set of workers of category j. 
rtk:   required working hours for 
tasks of type k in the week t. 
Ai:   set of available (i.e., non-
holiday) weeks for worker i. 
Hi:   stipulated ordinary annual 
working hours of worker i. 
α:   maximum ratio of overtime to 
ordinary working hours. 
hm, hM:   lower and upper bounds 
on the number of working hours 
per week. 
L, hL: L is the maximum number 
of consecutive non-holiday weeks 
in which the  weekly average of 
working hours cannot be greater 
than hL. 
NW, hW:   NW is the minimum 
number of „weak‟ weeks (i.e., 
those having a number of working 
hours no greater than hW). 
NS, hS:  NS is the maximum 
number of „strong‟ weeks (i.e., 
those having a number of working 
hours greater than hS). 
Βi:  cost of one hour of overtime 
for worker i.  
γk:  cost of one hour 
corresponding to tasks of type k 
performed by a worker who is not 
a member of staff. 
Λ:  parameter for weighting the 
penalties in order to establish the 
trade-off between them and their 
corresponding monetary costs. 
 
xit:  working 
hours for 
worker i in 
week t. 
 





tasks of type k 
in week t. 
 







to tasks of type 
k to be 
supplied in 






wit:  if 




less than or 
equal to hW 
hours in week t 
this variable 
takes value 1, 
0 otherwise. 
 
sit:  if 




greater than hS 
hours in week t 
this variable 




The total number of 
worked hours be 
must be equal to the 
stipulated ordinary 
annual hours plus any 
applicable overtime. 
 
The annual overtime 
does not exceed its 
upper bound. 
 
The balance between 
the available hours 
from a specific 
category of staff 
workers and those 
assigned to a type of 
task. 
 
The total number of 
hours assigned to a 
type of task must not 
be less than the 
required hours. 
 
The upper bound on 
the average of 
weekly working 
hours for any subset 
of L consecutive non-
holiday weeks. 
 
If the number of 
working hours is 
greater than hW, then 
the variable wit is 
equal to 0. 
 
The number of 
“strong” or “weak” 
weeks, respectively, 
cannot be greater 
than NS or less than 
NW. 
 
It exist a lower and 
upper bounds on the 
number of weekly 
working hours. 
 
Express the binary 











The objective function 
aims to minimize the 
cost of overtime hours, 
the cost of the 
temporary workers and 
the penalties for 
assigning tasks to the 
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Citations Parameters Variables Constraints Objective function 
Corominas 
et al. (2007) 
W:  set of workers. 
T:   number of weeks of the 
planning horizon. 
Si:   set of available weeks of 
the worker i.. 
NTt :  number of temporary 
workers in week t. 
Q:   number of products. 
tpq:   maximum number of 
weeks that product q can be 
stored q. 
stqj0:   inventory of product q 
at the beginning of the 
planning horizon with an age 
of j weeks. 
Hi:   annual number of 
ordinary working hours of 
worker i. 
MYi:   maximum annual 
overtime for worker i. 
hmt ,hMt   lower and upper 
bound for the weekly number 
of working hours. 
L,hL:   for each worker, the 
average working hours in a 
group of L consecutive 
working weeks cannot be 
greater than hL. 
Ai,hA :  Ai is the maximum 
number of “strong” weeks 
(i.e., weeks with a number of 
working hours greater than 
hA,hmt ≤ hA ≤ hMt ) for 
worker i. 
Bi,hB:   Bi is the minimum 
number of “weak” weeks 
(i.e., weeks with a number of 
working hours not greater 
than hB,hmt ≤ hB ≤ hMt ) for 
worker i. 
dqt:   forecasted demand for 
product q in week t. 
td:   maximum number of 
weeks that a demand can be 
deferred. 
TPq:   time (in hours) needed 
to prepare the process to 
produce product q.  
ρqt :  productivity (in 
units/hour) for product q in 
week t. 
CE, CT:   cost of overtime 
and cost of an hour of 
temporary personnel, 
respectively. 
CPq:   unit cost for product q. 
CSTqt :  weekly inventory 
holding cost of one unit of 
product q with an age of t 
weeks 
CRq cost of one unit of lost 
demand of product q. 
CKq unit cost of eliminating 
product. 
Iqj t:  income of one unit of 
product q with an age of j 
served with a delay of t 
weeks.  
xt: number of 
working hours 
of each 
member of the 
team in week t. 
 




at:  if the 
number of 
working hours 
in week t is 
greater than hA, 
then these 
variables take 
value 1, 0 
otherwise. 
bt:  if the 
number of 
working hours 
in week t is 
greater than hB,  
then these 
variables take 
value 0, 1 
otherwise. 
pqt:  quantity 
of product q 
produced in 
week t. 
eqt:  product q 
is produced in 
week t. 
stqj t :  
inventory of 
product q, with 
an age of j 
weeks, at the 
end of week t. 
vqsjt:   quantity 
of the demand 
of product q 
that should be 
delivered in 
week s, is 
served in week 
t and has been 
produced in 
week j.  
rqt:   quantity 
of demand of 
product q 
corresponding 
to week t that 
is not served 
and lost. 
 nvqs:  quantity 
of product q 
produced in 
week s (week 
belonging to 
the previous 
year) that must 
be thrown 
away because 
it has perished.  
Balance of 







If the available 
inventory at the 
beginning of the 
planning horizon 
is not delivered 
before perishing, 
it is to be 
eliminated. 
 







production of a 
period is 
considered as 
inventory with an 











Upper bound on 
the production for 
each product. 
Upper bound to 
the average 
weekly working 
hours for a subset 
of L consecutive 
weeks. 
Binary variable 
takes value 1 if 
the team works a 
number f hours 
greater than hA in 
week t.  
Upper bound for 
“strong” weeks. 
Lower bound for 
“weak” weeks. 
Upper bound for 
annual overtime 






The objective function to 
maximize is the profit. Profit 
involves income minus costs due 
to overtime, temporary workers, 
product elimination, production, 
lost demand and inventory. 
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T:  number of periods of the 
planning horizon. 
E:  ordered set of numbers of 
production periods. 
P:   set of products. 
Ip0:   inventory of product p at the 
beginning of the planning horizon. 
dpt:   forecasted demand of product 
p in period t. 
ρp:   productivity (in units/hour) for 
product p. 
 
W:  set of workers. 
 
sw0:  balance of the WTA of worker 
w at the beginning of the planning 
horizon. 
 
cpp:   unit variable production cost 
for product p. 
 
cip:   inventory holding cost, for a 
period, of one unit of product p. 
crp:   cost of one unit of lost 
demand of product p. 
S-, S+:   lower and upper bounds, 
respectively, of the WTA balance 
for every week and every worker. 
h:  reference number of hours, for 
every worker and every period. 
h-, h+:   lower and upper bounds, 
respectively, for the number of 
ordinary working hours, for every 
worker and every period. 
h++:   upper bound for the number 
of working hours, for every worker 
and every period. 
uw:   upper bound, for the duration 
of the planning horizon, on the 
number of overtime hours for 
worker w. 
ûw:   upper bound, for the duration 
of the planning horizon, on the 
number of overtime hours plus the 
number of overaccount hours for 
worker w. 
wta-, wta+:  lower and upper 
bounds on the global WTA at the 
end of the planning horizon. 
α:  cost of one hour of overtime 
(per worker). 
β:  cost of one hour of overaccount 
time per worker.  
λ1:   penalty for one underaccount 
hour. 
λ2:   weight for the positive global 
WTA balance at the end of the 
planning horizon. 
λ3:   weight for the negative global 
WTA balance at the end of the 
planning horizon. 
 





Ipt:   inventory 
of product p at 
the end of 
period t. 
 
rpt:  lost demand 
of product p in 










h, in the period 
t. The variable 
xt
+ corresponds 




et:  overtime 





hours of worker 




hours of worker 
w in period t. 
clt:  takes value 
1 if in week t 
the company 
closes and value 
0 otherwise. 
yt:  auxiliary 
variable to 
guarantee that, 
in each period, 




+ is equal 
to zero.  
swt:  WTA 
balance of 
worker w in the 
period t. 
f+, f- :  positive 
and negative 
global balance 
(sum of the 
WTA balances 
for all workers), 
respectively, at 










The number of 
working hours 
required for the 
production must 




For each group of 
workers and for 
each working 
period, the WTA 
balance. 
 
For each group of 
workers upper 
bounds are 
imposed on the 
number of 
overtime hours 
and the number of 
overtime hours 
plus the number 
of overaccount 
hours for the 
duration of the 





Lower and upper 
bounds are 





the end of the 
planning period.  
 




+ is equal to 
zero. 
 
The lower and 
upper bounds are 
imposed on the 
working hours 




the WTA balance, 
the overaccount 






The aim of the objective 
function is minimizes the cost 
of production, inventory, 
unsatisfied requirements, 
overtime and overaccount time 
















F:  set of flight segments to be 
assigned to one and exactly 
one crew. 
 
S:  set of valid flight services 
built previously from the given 
flight segments. 
 
S(f):  set of flight services 
which include the flight 
segment f. 
 
S(w):  set of flight services for 
week w. 
S(m): set of flight services for 
month m respectively. 
I:  set of instructors. 
P:   set of pilots. 
O:  set of officers. 
LS:  list of pairs of flight 
services which cannot be 
performed by a same crew. 
The elements of this list are 
pairs of flight services (1) 
having overlapping periods or 
(2) for which the ending 
station of the earlier flight 
service is different from the 
starting station of the other 
flight service and the time 
between the two flight services 
is too short for including a 
deadhead. 
Iip:  set of pairs (instructor, 
pilot) which are incompatible 
in the sense that they cannot be 
part of a same crew. 
Iii0, Iio and Ipo:  sets of 
incompatible pairs (instructor, 
instructor), (instructor, officer) 
and (pilot, officer) 
respectively. 
BTs:  number of hours of flight 
called block time for a given 
flight service s. 
CTs: number of flight credits, 
which are hours of flight 
and/or the equivalent for 
activities other than flying 
(training periods, union 
meetings, etc.). 
Tmaxw, Tmaxm:  the maximal 
allowed number of hours of 
flight per week and per month 
respectively. 
Tguarantee:  the number of flight 
credits corresponding to the 
minimum duty guarantee cost. 
 
 
xpf:  if pilot p is 
assigned to the flight 
segment f  this 
variable takes value 
1, 0 otherwise. 
 
yof:  if officer o is 
assigned to the flight 
segment f  this 
variable takes value 
1, 0 otherwise. 
 
zif:  if instructor i is 
assigned to the flight 
segment f this 
variable takes value 
1, 0 otherwise. 
 
Xps:  if pilot p is 
assigned to the flight 
service s this 
variable takes value 
1, 0 otherwise. 
 
Yos:  if officer o is 
assigned to the flight 
service s this 
variable takes value 
1, 0 otherwise. 
 
Zis:  if instructor i is 
assigned to the flight 
service s this 
variable takes value 
1, 0 otherwise. 
 
 
HSp:  the number of 
extra flight credits 
exceeding Tguarantee 
worked by the crew 
member p. 
 
HSo:  the number of 
extra flight credits 
exceeding Tguarantee 
worked by the crew 
member o. 
 
HSi:  the number of 
extra flight credits 
exceeding Tguarantee 








If a crew 
member is 
assigned to a 
flight segment, 
he/she must be 
assigned to one 













One pilot one 
officer and two 
instructors must 





the number of 
hours of flight 




of a same crew 
member to 
incompatible 
flight services of 






crew members to 






The objective function is to 
minimize the total number of 
extra flight credits worked by all 
the crew members in order to 
operate the planned flight 










       Table A.1 Literature review for personnel scheduling (Continuing). 
 
 




D:  set of depots. 
 
T:  set of all trips. 
 
R:   set of all roundtrips. 
 
R”:  union of all roundtrips 
in R and all roundtrips in the 
next week which start in the 
first two days of the week. 
 
Rd: set of all roundtrips at the 
depot d, i.e., roundtrips 
starting and finishing at the 
depot d. 
 
Tr:  set of all trips covered 
by the roundtrip r. 
 
θt:  set of all roundtrips that 
cover the trip t . 
ψd: collection of all cliques 
at the depot d. (clique is 
defined as the situation when 
one crew complement 
cannot perform two 
roundtrips with the 
minimum required rest time 
between them). 
 
cr:  cost for the roundtrip r. 
This can be the sum of the 
actual wage cost of 
barracking at all the 
barracking depots, contained 
in the        roundtrip as well 
as the QOL penalty for 
barracking and the QOL 
penalty for time spent away 
from home. 
 
Ut:  undercover penalty cost 
for the trip t. 
 
Vt:   overcover penalty cost 
for the trip t. 
 
Yd:   cost in a week for 
having a crew complement 
at the depot d. 
 
Wr: working content for the 
roundtrip r. 
 
W:   average minimum 
weekly workload per crew 
complement at each depot. 
 
W”:  average maximum 
weekly workload per crew 




xr:  if the 
roundtrip r is 
selected this 
variable takes 
value 1, 0 
otherwise. 
 
ξt:  if the trip t is 
undercovered 
this variable 
takes value 1, 0 
otherwise. 
 
ηt: if the trip t is 
overcovered this 
variable takes 
value 1, 0 
otherwise. 
 
δd: the total 
workload at the 
depot d. 
 
yd: the number 
of crew 
complements at 








The number of 
roundtrips 
selected in a 
solution from a 
clique must be 
more than the 
number of 
planned crew 
in a depot. 
 






limits W and 





The objective function is to minimize a 
linear combination of several costs. 
Included are the roundtrip costs, the 
overcover or undercover penalty costs 
and the fixed cost to employ a crew at 
each depot. The roundtrip costs contain 
some real costs associate with 
barracking, as well as penalty costs 
associated with the quality of life of the 
crew working the roundtrip. 
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K:  Number of weeks 
considered as a period. 
 
I:  set of operators 
 
s:  number of shifts per day. 
 
h:  number of hours per day. 
 
Wf, Wp :  Set of possible week 
loads for a full time and part 
time employee, respectively. 
 
J: Set of all possible 
configurations hours-status 
for the worker i during the 
week k. 
 
Jf : set of configurations for a 
full time worker.   
 
Jp : set of configurations for 
a full time worker.   
 
Jhol : set of configurations for 
holidays. 
 
Jreg : set of configurations for 
a regular week. 
 
Jirr : set of configurations for 
an irregular week. 
 
aj:  the number x on hours in 
configuration j. 
 
dk:  number of hours to 
satisfy the  demand for the 
week k. 
 
t: % of the time that the 




T: Upper bound on the 
number of working hours of 
each full time employee 
during the regular weeks of 
this set. 
Wirr
T:  Upper bound on the 
number of working hours of 
each full time employee 
during the irregular weeks of 
this set. 
A:  maximum annual 
workload of each employee. 
C:  maximum number of 
consecutive irregular weeks. 
Q:  Minimum number of 
employee requested on each 
shift. 
H:  Number of holiday 
weeks that each employee 
must receive considering he 
works for the company 
during K weeks. 
 
xijk :   1 if 
configuration j is 
assigned to 
employee i at 
week k, 0 
otherwise.  
 
yk :     1 if week k 
is irregular, 0 
otherwise. 
 
zik:     1 if weeks 
k and k + 1 are 
holiday weeks 














There must be 
at least Q 
persons on 
each shift 
every day, for 






to be assigned 
to exactly one 
configuration 
every week of 
the year. 
 





It is not 
possible to 
change a full 














for part time 
and full time 
employees. 
 
The number of 
hours worked 





Different objective functions are 
considered in this study: 
The first objective function minimizes 
the total number of irregular weeks. 
The second considered objective is to 
minimize the workload of the most 
loaded employee. This is achieved by 
minimizing a variable defined as the 
largest workload of an employee. 
The aim of the third objective function 
is to favor gradual hiring counting the 
number of weeks during which each 
employee is working for the company, 
and minimize the sum of these numbers 
over all employees. 
Finally, the last objective function 
pretends to favor part time employees 
counting the number of weeks during 
which each employee is working full 
time for the company, and minimizing 
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T:  set of weeks in the scheduling 
horizon. 
N:  set of all nurses. 
K:  set of all nurse types (RN and NA) 
NW:  set of nurses who do not want to 
work weekends. 
Nm:  set of nurses who work a shift of 
length m. 
Nkj:  set of nurses of type k available 
for shift j. 
Sm:  set of shifts with length m. 
w:  number of weeks in the scheduling 
horizon. 
cij:  regular time wages if nurse i works 
shift j. 




min:  maximum and minimum 
number of shifts each week for nurse i. 
SAi:  set of shift that nurse i is available 
to work. 
SD12j:  set of 12-hour shifts that overlap 
in the same day with, and have a start 
time less than or equal to the start time 
of 8-hours shift j. 
Sit:  set of shifts that nurse i is available 
to work in the week t. 
WSit:  set of shifts defined as available 
weekend shifts for nurse i in week t. 
aij: 1 if nurse i prefers not to work shift 
j, 0 otherwise. 
qi:  upper limit on number of weekends 
worked by nurse i over the scheduling 
horizon. 
ri:  upper limit on the number of 
undesirable shifts assigned to nurse i. 
li upper limit on the number of 
overtime shifts assigned to nurse i. 
Rk: number of patients per nurse type k 
as determined by the nurse-to-patient 
ratio.     
λj:  mean patient arrival rate during 
shift j. 
μj:  mean unit service rate during shift j. 
Ph:  probability on h occupied beds 
during shift j. 
uk: upper limit on the single period 
service level for nurse type k. 
vk: upper limit on the aggregate service 
level for nurse type k. 
s:  number of beds on a unit. 
M: large number.  
 
 
Xif :  1 if nurse i 





Yif :  1 if nurse i 





Zit :  1 if nurse i 
works any 
weekend shifts 
during week t, 
0 otherwise. 
 
Bjk:  number of 
nurses of type 
k required for 





number of nurse of 
each type must be 
scheduled to satisfy 
the requirements 




proportion of time 
over the scheduling 
horizon is bounded. 
 
All nurses are 
given the 
appropriate number 
of regular time 
shifts per week. 
 
Upper limits are 
fixed on the 
number of 
undesirable shifts, 
the amount of 
overtime, and the 
number of weekend 
worked for each 
nurse, respectively. 
 
If there are 12-hour 
nurses assigned to a 
day shift, then the 
same number of 
that nurse type 
must also be 
assigned to the 




for any 8-hour 
nurse is prohibited.  
 
Double shifts for 
12-hour nurses are 
prohibited. 
 
A nurse is not 
assigned a regular 
time shift and an 
overtime shift at 






There are two possible 
objective functions. 
The first one minimizes 
total regular time and 
overtime nurse wages. The 
second one minimizes the 
total number of 
undesirable shift 
assignments and weekends 
worked for those nurses 









Table A. 1: Literature review for personnel scheduling (Continuing). 
    
         
 
Citations Parameters Variables Constraints Objective function 
Wan 
(2005) 
c1kds:   cost when employee k works 
shift s on day d.  
c2k ,c
4
k:  penalty overtime  rate for 
regular and part-time employee k 
respectively. 
c3k:   regular overtime hourly rate for 
part-time employee k. 
c5s:  cost for casual shift s.   
H kdst: 1 if shift s on day d covers 
period t for employee k; 0 otherwise. 
Cst:  1 if casual shift type s covers 
period t; 0 otherwise. 
Ddt:  demand for period t on day d. 
l s:   length of part-time shift s. 
oks:   amount of overtime associated 
with shift s for employee k. 
PDk
min, PDk
max: minimum and 
maximum number of days per week to 
assign a part-time worker k. 
PHk
min , PHk
max:  minimum and 
maximum  number of hours per week 
to assign a part-time worker k. 
e:   earliest period a break can begin 
for any of the permissible shifts. 
q:   latest period a break can begin for 
any of the permissible shifts. 
K, KF, KP, KL:   set of all , full-time 
regular , part-time regular and part-
time flexible employees, respectively.  
W (k):  set of days that employee k is 
scheduled to work as defined by his or 
her bid job. 
W^ (k):  set of days employee k is off. 
E(d):  set of regular employees that are 
not scheduled to work on day d. 
S(k,d):  set of shifts that employee k is 
permitted to work on day d. 
S^(k,d):  set of overtime shifts that 
employee k is permitted to work on 
day d. 
B kr:   { j : break window for regular 
shift j for employee k lies entirely 
between period r and q} 
 Br
C:  { j : break window for casual 
shift j lies entirely between period r 
and q} 
F kr:   { j : break window for regular 
shift j for employee k lies entirely 
between periods e and r} 
Fr
C:  { j : break window for casual 
shift j lies entirely between periods e 
and r} 
T kd:   set of shifts that regular 
employee k is permitted to work on 
day d that requires a break. 
T C:   set of casual shift types that 
require a break 
M:   set of initial periods of the break 
windows, in ascending order 
N:   set of final periods of the break 
windows, in ascending order. 
 
 
xkds:  1 if 
employee k 
works shift s 
on day d; 0 
otherwise. 
 











period t on 
day d. 
 





on day off d. 
 
δkd:  1 if d is 
the first off 
day for 
employee k; 




μk:  number 
of hours that 
part-time 
employee k 





first 8 hours 
of a shift. 
 
τk:   number 
of hours that 
part-time 
employee k 























must take their 










the rest of the 
day. 
 
Every shift is 
assigned a 
break and that 




Only one shift 
is assigned to 
regular 
employee k 
each day of the 
week. 
 
Each PTF is 
given at most 
one shift per 










employee k to 








The objective function minimizes 
the total weekly cost of the 
existing workforce. It adds penalty 
ovetime for FTR shifts assigned 
on off days. The last term in the 
objective function is the total cost 
associated with the use of casual 







APPENDIX B: Parameters  































































































APPENDIX B.2:  Units stored in a pallet for each product 
 
 
Table B. 2: Units stored in a pallet for each product. 
 
 
































































































APPENDIX B.3:  Holiday and working weeks 
 
Table B. 3: Working and holiday weeks for each permanent worker. 
  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
W1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 
W2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 
W3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 
W4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 
W5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
W6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 
W8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 
W9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 
W10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 
W11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 
W14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 
W16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 
W18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 
W19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 
W20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 
W21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 
W22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 
W23 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W24 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 
W25 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W26 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 
W27 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W28 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
W29 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 
W31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 
W32 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 
W33 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 1 1 
W34 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 
W35 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 
W36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 
W37 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W38 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 
W39 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 





Table B.3:  Working and holiday weeks for each permanent worker (Continuing).  
 
  27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 
W1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 
W2 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 
W3 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 
W4 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W5 0 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W6 1 0 0 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 
W8 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 
W9 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W10 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W11 0 0 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W12 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W14 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 
W15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W16 1 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 
W17 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 
W18 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W19 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 
W20 0 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W21 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 
W22 1 1 0 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 
W23 0 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 
W24 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W25 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 
W26 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W27 1 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 
W28 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W29 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 
W31 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W32 1 1 0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 
W33 1 1 0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 
W34 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 
W35 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 
W36 1 1 1 0 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 
W37 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W38 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W39 1 1 1 1 1 1 0 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 




APPENDIX B.4: Forecast of demand 
 
Table B. 4: Units demanded for each product for each week.  
 
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 
Q1   768 828 48   192 204 24   12 12     204 12 12 24 192 
Q2   2589 6666 1794 156 2070 1311 2445 285 58449 936 1428 543 1071 498 11523 1029 2805 
Q3                         7250     360 96 96 
Q4   330 9900 990   330 330     330                 
Q5   132 1584 288 168 1596 72 84 12 72 24 156   84 168 492 564 36 
Q6   8956 12069 8920 846 11679 6435 32104 996 8877 11866 3457 4618 6902 4180 15760 6326   
Q7   700 740 640 20 540 220 580   3956 3192 80 140 160 560 580 500 240 
Q8   1788 1320 2964 480 7476 828 1620 348 696 468 828 7668 420 144 708 504 156 
Q9   2796 1584 3432 540 8052 1212 2712 972 1368 972 1656 8232 708 360 1680 648 1872 
Q10   66   24             36 42 24 108 90 684 648 102 
Q11   12   24   24 240 12     3000 1290 102 168   1332 471 108 
Q12   168           48               816     
Q13   2112 3204 780 216 1272 684 804 96 876 552 48 1518 576 60   144 906 
Q14   768 1344 396 132 672 144 324 60 432 120 600 798 48 24 276 44 12 
Q15   396 168 120   12 12     24         120     12 
Q16   41352 41892 14436   22860 12732 12720 234 15936 6180 5832 19212 7188 4860 13620 10344 7368 
Q17   12276 8454 3618 4524 3676 8808 4068 348 3354 2946 2514 1452 1974 834 2598 3030 6498 
Q18                                   780 
Q19 24 844 840 870 196 5012 150 294 1908 816 228 174 204 144 126 780 580 84 
Q20   1954 1586 1474 846 1272 588 972 192 522 354 504 576 294 228 462 744 60 
Q21   1236 960 1200 504 1248 396 804 108 216 240 492 372 336 96 264 480 456 
Q22   2880                                 
Q23   1944                     1002           
Q24   1200                     2004           
Q25   20520 31073 8978 2118 12905 5963 6082 2400 6159 2938 3273 4802 2630   4934   1684 
Q26   3240 2502 2424 906 708 1230 1456 84 4068 3208 348 288 414 212 826 672 402 
Q27                               360     
Q28                                     
Q29                         3360           
Q30 144 612 576 246 72 408 390 210 24 456 174 1392 120 216 264   204 96 
Q31   50 50   100 50     50   50   50   96 50     
Q32   1528 1552 1296 536 816 432 468 132 204 72 192 204 156   168 248 24 
Q33   2838 1332   240 558 336 534 144 450 246 246 104 252 126 204 408 54 
Q34   144       13440 2E+05         144             
Q35 12 2024 692 576 332 2580 292 564 712 328 1020 40648 104 136 76   148 40 
Q36     4400 36656     1E+05         140       76 17348   
Q37 3 2778 1764 3363 267 888 390 678 174 417 285 267 960 324 183 606 351 9687 
Q38   2784 2280 1797 252 1980 813 981 174 912 693 600 366 684 1212 804 792 420 
Q39     3300 22152   20100 2E+05         16880             
Q40   6027 1827 1596 444 744 417 909 558 546 729 135 1410 294 120 153 327 5664 
Q41   2880     2880   1200                       
Q42 8 550 1257 496 18 2193 183 282   421 140 707 434 224 114   104 84 





Table B.4:  Units demanded for each product for each week (Continuing). 
 
 
P19 P20 P21 P22 P23 P24 P25 P26 P27 P28 P29 P30 P31 P32 P33 P34 P35 P36 
Q1 372 36 24 180   384 12     84 192 192           12 
Q2 1176 864 849 1512 1773 1230 567 903 1119 1056 1134 2979 1098 24 1023 1596 705 1680 
Q3   72       12 288 12 24 72 24 360     96 60   252 
Q4         144     330 990 660               330 
Q5 6252 180 348 3024   192 384 60   120 360 36 1476 48 24 12 1548 84 
Q6 8268 7172 6330 9588 18236 11790 2272 7953 7779 6411 19830 11786 6104 4901 134 7769 11093 8630 
Q7 260 480 380 120 1540 420 400 280 400 400 300 800 300 300 420 560   600 
Q8 240 708 852 36 444 480 408 732 324 996 276 1080 432 780 324 768 5136 576 
Q9 5832 660 840 156 612 504 492 888 264 1272 564 1632 744 924 1128 1332 7620 864 
Q10 120 18     552 72 63 378 225 96 144 234   24 93 636   12 
Q11 216 24     612 552 396 762 1194 822 150 1044 228 276 204 36 90 108 
Q12   168                       24         
Q13 168 72 768 1464 1068 12 180 612 180 720 648 1668 2208 168 420 204 816 744 
Q14 84   72 432 60   72 60 24 36 48 96 750 132 36 12 528 108 
Q15   12     12 12   84       12     24 12     
Q16 9156 17064 9636 2604 13536 11676 6696 9516 11508 8496 12144 23568 6456 9720 9324 20604 12564 18564 
Q17 1590 1776 3102 234 7002 3258 2598 7776 3080 5220 4614 6252 1632 6312 3486 3438 6534 5832 
Q18         7518         9984     18672           
Q19 168 78 384   408 382 38628 2172 810 732 432 1528 2820 360 472 180 784 1670 
Q20 324 24 13926 12 498 174 476 788 522 934 530 1894 384 984 978 722 2034 1220 
Q21 300 108 576 84 324 60 408 768 204 468 240 1296 288 624 612 456 3420 960 
Q22                                     
Q23     1800                 1800             
Q24     2004                 2004             
Q25 2336 10928 6208 2328 5996 2814 58952 2315 2763 3597 3332 5808 4116 4067 3726 4261 5695 7320 
Q26 550 540 852 96 1536   360 828 570 756 942 1740 276 714 45000 9942 9684 4706 
Q27                                     
Q28               336         1008           
Q29   1908 180   408 600 1260 360 2082 456 168 696 30 384 11940 276 1992 384 
Q30 96 324 132 36 108 96 120 90 150 144 144 252 72 156 234 294 6 354 
Q31                   50 50       50       
Q32 60   21348   84 24 200 192 120 464 248 796 120 344 276 364 396 512 
Q33 306 78 486 78 282 174 198 438 360 528 294 1176 252 570 558 486 510 642 
Q34     144       144           144   17472       
Q35 204 12 456 32 200 44 268 400 232 548 4864 1476 92 360 404 356 4360 2684 
Q36     1E+05     12000         67208           500   
Q37 210 96 2887 141 1701 183 276 510 432 750 750 3780 366 669 1083 1101 1500 1233 
Q38 588 120 1764 636 732 204 804 765 1920 1908 756 1896 996 912 1452 2784 804 1548 
Q39                     5824       19080 1E+05 500 960 
Q40 138 18 1518 48 1194 90 651 378 612 804 627 2952 348 792 798 1002 1119 962 
Q41                                 3840   
Q42 96 162 36 126 172 98 154 181 345 645 242 650 342 151 284 1073 3809 1074 












Table B.4:  Units demanded for each product for each week (Continuing). 
 
P37 P38 P39 P40 P41 P42 P43 P44 P45 P46 P47 P48 P49 P50 P51 P52 
Q1   24 24   48 48       216 36 48 12 72 72   
Q2 7204 2406 2046 2565 1107 1452 1149 537 1215 1227 1128 1497 498 1461 1104 1689 
Q3 96 624 264 276 36   36   228 540 939 48 72 324 120 108 
Q4 9570 660 330     330                     
Q5 24 60 24 120 192 120 24 156 24 1620 2220   12 12 36 36 
Q6 11415 9949 40842 9689 6039 12253 8351 9129 8778 10474 13959 2760 3567 6418 8017 7560 
Q7 400 4000 420 300 420 500 180 380 240 180     20 140 160   
Q8 744 684 1692 2034 1968 3180 1992 2388 1584 2364 696 2430 228 1632 528 612 
Q9 1200 840 2112 5220 2244 4164 2052 2376 2052 3384 816 2376 480 1884 864 924 
Q10                                 
Q11                                 
Q12         180     72 132   12           
Q13 2622 1482 1032 1404 1176 1260 924 288 1248 276 564 2010 504 1116 480 564 
Q14 1566 408 96 402 132 60 894 192 72 204 216 4908 120 408 120 276 
Q15   24     12 12 12         12   12 12   
Q16 18888 40584 20820   17448 25068 29556 31356 21204 29052 6456 10716 6372 24252 17940 18648 
Q17 6180 684 3072 16860 10806 6222 5340 10494 5448 4224 4734 2958 2556 4584 3270 2568 
Q18 18276 19704   6630     1944         17604         
Q19 504 2548 826 2724 806 1570 30706 634 1574 4094 886 894 222 7586 96 474 
Q20 1118 1238 1098 766 1518 2318 3092 1026 1830 1356 1134 1452 714 1410 798 792 
Q21 600 684 540 662 528 612 2592 575 528 576 564 612 336 744 348 420 
Q22     20160           10080     4320         
Q23                       1326         
Q24                       2004         
Q25 5377 15679 14433 5084 6577 6495 25227 10170 8665 12524 7588 5910 2664 12796 6289 10302 
Q26 2802 2352 18904 1446 5640 8812 2928 1320 6414 2310 2772 2062 828 1704 1962 1662 
Q27           300               5664     
Q28 240 2016   672     3696         4704         
Q29   1230 294 510 720 1038 1596 486 2202 426 894 282 96 1008 450 156 
Q30 234 516 348 210 336 282 222 192 546 348 132 132 66 252 264 264 
Q31 50       50 150     50 50 50     50 100 100 
Q32 340 308 248 536 528 452 1084 324 360 408 348 608 192 492 204 348 
Q33 648 636 1134 798 732 1026 1218 438 1032 534 612 1470 284 624 432 312 
Q34 288 1E+05   4704                 216     1344 
Q35 828 292 2860 444 832 1092 756 368 968 512 672 1344 342 796 196 2108 
Q36 2E+05     18288                         
Q37 1377 1284 1440 2109 1632 1623 2202 906 1395 1443 915 3825 468 1518 588 510 
Q38 1488 1632 3048 1584 1656 2280 2328 1764 1428 1860 1320 1080   1632 1332 5520 
Q39 1E+05 80100   20340                       1440 
Q40 989 1429 2596 742 916 867 1704 463 2865 794 805 2460 451 1130 726 2854 
Q41         3456     2688                 
Q42 865 387 561 1652 693 1045 1193 872 613 1074 402 1734 168 648 397 4014 














APPENDIX B.5: Necessary working hours to cover the demand 
 
 





































Table B. 5: Necessary working hours for each week.  
 

























































APPENDIX C: Values Experiment 1 
APPENDIX C.1 Initial inventory in Experiment 1 
 

















































APPENDIX C.2 Model and summary. Experiment 1 
 
APPENDIX C.2.1 Experiment 1 in Gams lenguage. 
 
FO.. Z =e= SUM((p,s),(Difpos(p,s))); 
Difference(p,s).. Dif(p,s)=e= TN*SUM((W), C(w,p)-G(w,s))+ V*TN*SUM((T), 
M(t,p)-Y(t,s)); 
Balancedifference(p,s).. Dif(p,s)=e= Difpos(p,s)+ Difneg(p,s); 
Balance(q,p)$(not PI(p)).. St(q,p-1)+ Produ(q,p)=e= d(q,p)+ St(q,p); 
Initialbalance(q,p)..Stini(q)+ Produ(q,'p1')=e= d(q,'p1') + St(q,'p1'); 
maxpal(p).. SUM((Q), St(q,p)/u(q))=L= MAX; 
conper(w).. C(w,'p1')=e=SUM((P), C(w,p)/(TP-NP)); 
contem(t).. SUM((P), M(t,p))=L= 26; 
balprod(p).. SUM((Q), Produ(q,p)/h(q))=e= TN*SUM((W), C(w,p))+ 
V*TN*SUM((T), M(t,p)); 
condhol(w,p).. X(w,p)=G= C(w,p); 
maxemp(p).. SUM((W), C(w,p))+ SUM((T), M(t,p))=L= WT; 



















































































































MODEL model1/ALL/ ; 
 






















APPENDIX C.2.2 Solve summary of Experiment 1. 
               S O L V E      S U M M A R Y 
 
     MODEL   model1              OBJECTIVE  Z 
     TYPE    MIP                 DIRECTION  MINIMIZE 
     SOLVER  CPLEX               FROM LINE  540 
 
**** SOLVER STATUS     1 Normal Completion          
**** MODEL STATUS      8 Integer Solution           
**** OBJECTIVE VALUE           198400.0000 
 
 RESOURCE USAGE, LIMIT         31.343      1000.000 
 ITERATION COUNT, LIMIT     29318    2000000000 
 
ILOG CPLEX       Nov  1, 2009 23.3.3 WIN 13908.15043 VIS x86/MS Windows 
Cplex 12.1.0, GAMS Link 34  
Cplex licensed for 1 use of lp, mip and barrier. 
Cplex MIP uses 1 of 2 parallel threads. Change default with option THREADS. 
MIP status(102): integer optimal, tolerance 
Fixed MIP status(1): optimal 
Solution satisfies tolerances. 
MIP Solution:       198400.000000    (28561 iterations, 468 nodes) 
Final Solve:        198400.000000    (757 iterations) 
 
Best possible:      194908.237912 
Absolute gap:         3491.762088 




APPENDIX C.3 Results for the Experiment 1 
 























































W1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 
W2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 
W4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 
W5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
W6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 
W9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 
W10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 
W11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 
W14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 
W15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 
W17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 
W20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W21 1 1  
1 
 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 
W22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 
W23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W25 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W26 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 
W27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W28 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
W29 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 
W32 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 
W33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W34 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 
W35 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 
W36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 
W37 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W38 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 
W39 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
































































W1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 
W2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W3 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 
W4 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W5 0 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W6 1 0 0 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W8 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 
W9 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W10 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W12 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 
W14 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 
W15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W16 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 
W17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W19 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 
W20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W21 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 
W22 1 1 0 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 
W23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W25 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 
W26 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W28 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W29 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W31 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W32 1 1 0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 
W33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W34 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 
W35 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 
W36 1 1 1 0 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 
W37 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W38 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W39 1 1 1 1 1 1 0 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 































































T1 1 1 0 1 0 0 0 1 0 0 0 0 1 1 0 0 0 0 1 0 0 0 1 0 0 1 
T2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 
T3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
T4 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T5 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
T6 1 1 1 1 1 1 0 0 0 1 1 0 0 0 0 0 0 1 1 1 0 0 1 0 0 0 
T7 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
T8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T9 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
T10 0 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
T11 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T12 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
T13 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T14 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
T15 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
T16 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T17 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 
T18 1 1 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 
T19 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 1 0 
T20 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 
T21 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
T22 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T23 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 
T24 0 1 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
T25 0 1 1 0 0 1 1 0 0 0 0 1 0 0 0 0 1 0 1 1 1 0 0 0 1 1 
T26 1 0 1 0 
0 
 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
T27 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
T28 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
T29 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
T30 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 
T31 1 1 0 1 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 
T32 1 1 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 
T33 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 
T34 1 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T36 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
T37 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T38 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 
T39 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 






























































T1 1 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 
T2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T5 1 1 1 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
T6 0 1 0 1 0 0 1 0 1 1 0 1 1 1 0 0 1 0 1 0 0 0 0 0 0 0 
T7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 
T8 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T9 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T10 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T12 0 1 1 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
T13 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T15 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
T16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T17 0 0 0 0 1 0 0 1 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 
T18 0 0 1 0 0 1 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0 0 
T19 0 0 1 0 0 1 0 0 0 0 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 1 
T20 1 0 1 1 0 1 0 1 1 0 0 0 0 1 0 1 0 0 0 0 0 1 0 1 1 0 
T21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T24 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
T25 0 0 1 1 1 1 1 0 1 0 1 1 0 1 1 1 1 1 0 0 0 0 0 1 0 1 
T26 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T27 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T28 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T29 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
T30 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
T31 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T32 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 
T33 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T35 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 
T36 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
T37 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T38 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T39 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 0 0 0 0 0 
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  Permanent Temporary  Total 
P1 28 18 46 
P2 28 18 46 
P3 28 18 46 
P4 28 17 45 
P5 28 17 45 
P6 28 18 46 
P7 28 18 46 
P8 28 2 30 
P9 28 2 30 
P10 28 2 30 
P11 28 2 30 
P12 28 2 30 
P13 28 2 30 
P14 28 2 30 
P15 28 2 30 
P16 28 2 30 
P17 28 2 30 
P18 24 6 30 
P19 24 6 30 
P20 25 5 30 
P21 24 6 30 
P22 24 6 30 
P23 21 9 30 
P24 23 7 30 
P25 23 7 30 
P26 23 7 30 
 
Permanent Temporary  Total 
P27 25 5 30 
P28 26 4 30 
P29 23 7 30 
P30 24 6 30 
P31 25 5 30 
P32 25 5 30 
P33 24 6 30 
P34 25 5 30 
P35 22 8 30 
P36 24 6 30 
P37 23 7 30 
P38 23 7 30 
P39 24 6 30 
P40 23 7 30 
P41 22 8 30 
P42 24 6 30 
P43 23 7 30 
P44 28 2 30 
P45 28 2 30 
P46 28 2 30 
P47 28 2 30 
P48 28 2 30 
P49 28 2 30 
P50 28 2 30 
P51 28 2 30 
P52 28 2 30 
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 Table C.3. 4: Values of variable Produqp. Experiment1. 
 
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 
Q1 0,0 383,0 828,0 240,0 0,0 0,0 204,0 24,0 12,0 0,0 216,0 0,0 0,0 0,0 612,0 0,0 0,0 0,0 
Q2 0,0 0,0 0,0 7768,5 0,0 0,0 0,0 
55899,
5 0,0 0,0 936,0 3042,0 0,0 0,0 
13050,
0 0,0 0,0 2805,0 
Q3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 6809,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q4 0,0 8101,0 0,0 990,0 0,0 660,0 0,0 0,0 0,0 330,0 0,0 0,0 1464,0 0,0 0,0 0,0 0,0 0,0 
Q5 0,0 1738,0 0,0 0,0 0,0 0,0 72,0 84,0 84,0 0,0 432,0 0,0 0,0 0,0 0,0 492,0 6852,0 0,0 




0 0,0 0,0 0,0 0,0 
26266,
0 0,0 0,0 0,0 
Q7 0,0 0,0 0,0 515,0 0,0 0,0 0,0 580,0 0,0 9168,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 240,0 
Q8 9209,0 0,0 0,0 0,0 0,0 0,0 0,0 1620,0 348,0 
10932,
0 0,0 0,0 0,0 0,0 0,0 0,0 900,0 0,0 
Q9 0,0 9440,0 0,0 0,0 0,0 0,0 0,0 2712,0 972,0 1368,0 
14256,
0 0,0 0,0 0,0 0,0 0,0 0,0 1872,0 
Q1
0 
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1450,0 0,0 0,0 0,0 
Q1
1 
0,0 0,0 0,0 0,0 0,0 0,0 0,0 8221,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q1
2 
33,0 0,0 0,0 0,0 0,0 0,0 0,0 48,0 0,0 0,0 0,0 0,0 0,0 816,0 0,0 0,0 0,0 0,0 
Q1
3 
4692,0 0,0 0,0 0,0 0,0 0,0 0,0 900,0 0,0 876,0 600,0 0,0 1518,0 576,0 60,0 1050,0 0,0 0,0 
Q1
4 
1888,0 0,0 0,0 0,0 0,0 0,0 0,0 324,0 60,0 432,0 1910,0 0,0 0,0 0,0 0,0 0,0 0,0 900,0 
Q1
5 






















0 0,0 0,0 0,0 0,0 4068,0 348,0 
12240,





0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q1
9 
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 836,0 0,0 606,0 0,0 0,0 144,0 906,0 0,0 832,0 0,0 
Q2
0 





0,0 0,0 2917,0 0,0 0,0 0,0 0,0 804,0 108,0 1656,0 0,0 0,0 0,0 0,0 96,0 264,0 936,0 0,0 
Q2
2 
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
19920,
0 0,0 0,0 0,0 0,0 
Q2
3 
1288,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1002,0 0,0 0,0 0,0 3600,0 0,0 0,0 0,0 
Q2
4 





0 0,0 0,0 0,0 0,0 6082,0 
22202,
0 0,0 0,0 0,0 0,0 0,0 0,0 4934,0 0,0 1684,0 
Q2
6 
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 2785,0 0,0 3556,0 0,0 702,0 0,0 212,0 826,0 672,0 2344,0 
Q2
7 
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 6376,7 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q2
8 
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 6912,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q2
9 
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 2112,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q3
0 
0,0 0,0 1385,0 0,0 0,0 0,0 0,0 210,0 24,0 2022,0 0,0 0,0 120,0 684,0 0,0 0,0 0,0 96,0 
Q3
1 
0,0 0,0 138,0 0,0 0,0 0,0 0,0 0,0 50,0 0,0 196,0 0,0 0,0 0,0 0,0 50,0 0,0 0,0 
Q3
2 
0,0 0,0 0,0 2797,0 0,0 0,0 0,0 468,0 336,0 0,0 
19857,
0 0,0 0,0 0,0 2615,0 0,0 0,0 0,0 
Q3
3 




6 0,0 0,0 0,0 0,0 0,0 
65798,
4 0,0 144,0 0,0 0,0 0,0 0,0 0,0 0,0 288,0 0,0 0,0 
Q3
5 















3 0,0 0,0 0,0 0,0 
20313,









4096,0 0,0 0,0 0,0 0,0 0,0 0,0 678,0 1143,0 0,0 0,0 0,0 1467,0 0,0 0,0 
10854,
0 0,0 0,0 
Q3
8 
























0,0 6244,0 0,0 0,0 0,0 0,0 0,0 2742,0 0,0 0,0 0,0 1545,0 0,0 414,0 0,0 480,0 0,0 5664,0 
Q4
1 
0,0 5548,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 7296,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q4
2 
0,0 1941,0 0,0 0,0 0,0 0,0 0,0 703,0 0,0 0,0 1281,0 0,0 0,0 224,0 218,0 0,0 0,0 180,0 
Q4
3 










Table C.3.4:  Values of variable Produqp. Experiment 1(Continuing). 
 
P19 P20 P21 P22 P23 P24 P25 P26 P27 P28 P29 P30 P31 P32 P33 P34 P35 P36 
Q1 0,0 60,0 0,0 564,0 0,0 0,0 12,0 0,0 276,0 0,0 0,0 228,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q2 2040,0 0,0 849,0 4515,0 0,0 0,0 1470,0 0,0 1119,0 1056,0 4113,0 0,0 1098,0 24,0 2619,0 0,0 9589,0 0,0 
Q3 0,0 0,0 0,0 12,0 0,0 0,0 288,0 12,0 24,0 456,0 0,0 0,0 0,0 96,0 0,0 60,0 252,0 0,0 
Q4 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 660,0 0,0 
10890,
0 0,0 0,0 0,0 0,0 0,0 0,0 
Q5 0,0 4128,0 0,0 0,0 0,0 0,0 0,0 60,0 1992,0 0,0 0,0 0,0 0,0 72,0 0,0 12,0 1548,0 84,0 
Q6 
15440,








0 0,0 5035,0 0,0 7769,0 
19723,
0 0,0 
Q7 260,0 980,0 0,0 0,0 2360,0 0,0 0,0 280,0 400,0 1800,0 0,0 0,0 0,0 6700,0 0,0 0,0 0,0 0,0 
Q8 0,0 1560,0 0,0 480,0 0,0 888,0 0,0 732,0 1596,0 0,0 0,0 2292,0 0,0 0,0 324,0 768,0 5136,0 576,0 
Q9 5832,0 3264,0 0,0 0,0 0,0 0,0 0,0 2424,0 0,0 0,0 564,0 3300,0 0,0 0,0 
10944,
0 0,0 0,0 0,0 
Q10 120,0 18,0 552,0 0,0 0,0 72,0 441,0 0,0 225,0 591,0 0,0 0,0 0,0 0,0 0,0 648,0 0,0 0,0 
Q11 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 2016,0 0,0 1194,0 0,0 228,0 714,0 0,0 0,0 0,0 0,0 
Q12 0,0 168,0 408,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q13 1008,0 0,0 0,0 3336,0 0,0 0,0 0,0 0,0 900,0 0,0 4692,0 0,0 0,0 0,0 420,0 1020,0 0,0 744,0 
Q14 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 846,0 0,0 168,0 0,0 2214,0 0,0 0,0 















0 0,0 9720,0 
42492,
0 0,0 0,0 
18564,
0 
Q17 0,0 0,0 0,0 0,0 
20634,




2 0,0 0,0 
Q18 0,0 0,0 0,0 0,0 0,0 9856,0 0,0 0,0 0,0 0,0 
18672,
0 0,0 0,0 0,0 0,0 0,0 0,0 
18276,
0 
Q19 0,0 1252,0 0,0 0,0 0,0 0,0 
40800,
0 0,0 810,0 1164,0 0,0 4348,0 0,0 3970,0 0,0 0,0 0,0 0,0 
Q20 0,0 0,0 0,0 510,0 0,0 650,0 0,0 1310,0 0,0 3742,0 0,0 0,0 0,0 1962,0 0,0 7430,0 0,0 0,0 
Q21 408,0 0,0 660,0 0,0 324,0 468,0 0,0 768,0 204,0 708,0 0,0 2208,0 0,0 0,0 612,0 6660,0 0,0 0,0 
Q22 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q23 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q24 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q25 2336,0 
10928,




5 0,0 2763,0 3597,0 3332,0 
13991,
0 0,0 0,0 7987,0 0,0 
13015,
0 0,0 




4 0,0 0,0 
Q27 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q28 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q29 0,0 0,0 1188,0 0,0 0,0 0,0 3702,0 0,0 0,0 456,0 168,0 696,0 414,0 0,0 
11940,
0 276,0 2376,0 0,0 
Q30 96,0 456,0 0,0 36,0 852,0 0,0 0,0 0,0 0,0 0,0 0,0 324,0 0,0 690,0 0,0 0,0 0,0 588,0 
Q31 0,0 923,2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q32 0,0 0,0 0,0 308,0 0,0 0,0 0,0 192,0 120,0 712,0 0,0 916,0 0,0 2540,0 0,0 0,0 0,0 0,0 
Q33 0,0 2094,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 822,0 0,0 1428,0 0,0 1614,0 0,0 0,0 2436,0 0,0 




9 0,0 0,0 
66521,
3 0,0 0,0 0,0 0,0 0,0 
Q35 0,0 468,0 0,0 32,0 912,0 0,0 0,0 0,0 780,0 0,0 
15424,













9 0,0 0,0 0,0 0,0 0,0 
14562,
9 0,0 0,0 0,0 0,0 0,0 0,0 
Q37 0,0 96,0 2887,0 141,0 2160,0 0,0 0,0 1692,0 0,0 0,0 4896,0 0,0 0,0 1752,0 0,0 3834,0 0,0 0,0 
Q38 708,0 0,0 3336,0 0,0 0,0 0,0 1569,0 0,0 4584,0 0,0 0,0 3804,0 0,0 0,0 4236,0 0,0 804,0 3036,0 











Q40 138,0 1584,0 0,0 0,0 1935,0 0,0 0,0 2421,0 0,0 0,0 0,0 3300,0 0,0 1590,0 0,0 4072,0 0,0 0,0 
Q41 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q42 0,0 748,0 0,0 0,0 0,0 0,0 0,0 181,0 345,0 1879,0 0,0 0,0 0,0 435,0 0,0 5956,0 0,0 0,0 
Q43 0,0 2163,8 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
18464,











Table C.3.4:  Values of variable Produqp. Experiment 1(Continuing). 
 
P37 P38 P39 P40 P41 P42 P43 P44 P45 P46 P47 P48 P49 P50 P51 P52 
Q1 0,0 0,0 72,0 0,0 0,0 48,0 0,0 0,0 0,0 216,0 36,0 48,0 12,0 72,0 418,5 0,0 
Q2 0,0 2406,0 4611,0 0,0 1107,0 1452,0 1149,0 1752,0 0,0 1227,0 1128,0 3456,0 0,0 0,0 13680,3 0,0 
Q3 96,0 888,0 0,0 348,0 0,0 0,0 0,0 228,0 0,0 1599,0 0,0 0,0 0,0 324,0 1186,5 0,0 
Q4 0,0 0,0 0,0 0,0 0,0 330,0 0,0 1916,1 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q5 84,0 0,0 144,0 0,0 192,0 120,0 204,0 0,0 0,0 1620,0 2244,0 0,0 0,0 0,0 36,0 1863,0 
Q6 11415,0 9949,0 40842,0 9689,0 18292,0 0,0 17480,0 0,0 8778,0 24433,0 0,0 2760,0 9985,0 0,0 50769,7 0,0 
Q7 0,0 0,0 0,0 300,0 920,0 0,0 180,0 3699,5 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q8 1428,0 0,0 1692,0 2034,0 1968,0 3180,0 1992,0 3972,0 0,0 5490,0 0,0 0,0 228,0 1632,0 6222,3 0,0 
Q9 1200,0 2952,0 0,0 5220,0 8460,0 0,0 0,0 2376,0 5436,0 0,0 816,0 15521,6 0,0 0,0 0,0 0,0 
Q10 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 336,6 0,0 
Q11 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1236,4 0,0 
Q12 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 133,5 0,0 0,0 0,0 0,0 0,0 
Q13 2622,0 1482,0 2436,0 0,0 1176,0 2184,0 0,0 1536,0 0,0 2850,0 0,0 0,0 2100,0 0,0 0,0 3782,4 
Q14 0,0 408,0 96,0 402,0 1086,0 0,0 0,0 5592,0 0,0 0,0 0,0 0,0 120,0 408,0 120,0 2000,8 
Q15 0,0 0,0 0,0 0,0 0,0 24,0 0,0 12,0 0,0 0,0 0,0 0,0 0,0 12,0 115,4 0,0 
Q16 18888,0 61404,0 0,0 0,0 17448,0 25068,0 60912,0 0,0 21204,0 35508,0 0,0 17088,0 0,0 24252,0 94184,4 0,0 
Q17 0,0 5081,2 15534,8 0,0 10806,0 6222,0 5340,0 20166,0 0,0 0,0 4734,0 2958,0 2556,0 30030,0 0,0 0,0 
Q18 0,0 28278,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 17604,0 0,0 0,0 7583,4 0,0 
Q19 0,0 2548,0 3550,0 0,0 806,0 32276,0 0,0 634,0 6554,0 0,0 0,0 894,0 222,0 7586,0 11699,8 0,0 
Q20 0,0 0,0 0,0 766,0 3836,0 0,0 5948,0 0,0 0,0 1356,0 4710,0 0,0 0,0 0,0 6079,9 63,2 
Q21 0,0 0,0 0,0 662,0 3732,0 0,0 0,0 1679,0 0,0 0,0 1176,0 0,0 336,0 744,0 348,0 2784,3 
Q22 0,0 0,0 0,0 0,0 0,0 0,0 0,0 10080,0 0,0 0,0 0,0 4320,0 0,0 0,0 2808,0 0,0 
Q23 0,0 0,0 0,0 0,0 0,0 0,0 0,0 2047,6 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q24 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 2004,0 0,0 0,0 691,2 0,0 
Q25 5377,0 35196,0 0,0 0,0 6577,0 6495,0 35397,0 0,0 21189,0 0,0 7588,0 5910,0 21749,0 0,0 0,0 47774,6 
Q26 0,0 2352,0 18904,0 1446,0 8950,6 5501,4 2928,0 12816,0 0,0 0,0 0,0 2062,0 828,0 1704,0 1962,0 14111,7 
Q27 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q28 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 4704,0 950,4 0,0 0,0 0,0 
Q29 1230,0 0,0 1524,0 0,0 0,0 5322,0 0,0 0,0 0,0 426,0 1176,0 0,0 96,0 1458,0 0,0 2996,4 
Q30 0,0 516,0 558,0 0,0 336,0 282,0 222,0 192,0 546,0 930,0 0,0 0,0 0,0 0,0 264,0 1433,3 
Q31 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q32 0,0 0,0 784,0 0,0 528,0 452,0 1084,0 324,0 1724,0 0,0 0,0 0,0 888,0 0,0 0,0 3374,7 
Q33 0,0 0,0 1932,0 0,0 732,0 4860,0 0,0 0,0 0,0 0,0 0,0 1470,0 3707,6 0,0 0,0 0,0 
Q34 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 24468,6 0,0 0,0 
Q35 0,0 292,0 4136,0 0,0 0,0 1092,0 2604,0 0,0 0,0 0,0 2016,0 0,0 5657,4 5272,3 0,0 0,0 
Q36 30893,7 0,0 0,0 16600,8 0,0 0,0 0,0 412,3 14112,9 32724,8 0,0 0,0 4254,3 0,0 0,0 0,0 
Q37 6210,0 0,0 0,0 0,0 1632,0 1623,0 2202,0 906,0 7578,0 0,0 0,0 0,0 8976,7 0,0 0,0 0,0 
Q38 0,0 1632,0 3048,0 5520,0 0,0 0,0 7380,0 0,0 0,0 0,0 4032,0 0,0 0,0 0,0 11957,7 0,0 
Q39 0,0 15273,5 0,0 24577,2 0,0 6654,0 1580,6 985,9 0,0 0,0 15396,5 32497,2 0,0 0,0 0,0 0,0 
Q40 0,0 1429,0 3338,0 0,0 3487,0 0,0 0,0 4122,0 0,0 0,0 7508,3 0,0 0,0 0,0 6209,8 0,0 
Q41 0,0 0,0 0,0 0,0 0,0 0,0 0,0 2688,0 1553,2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q42 1252,0 0,0 561,0 1652,0 3803,0 0,0 0,0 0,0 3823,0 0,0 0,0 0,0 1213,0 0,0 0,0 7054,4 





































































































































Table C.3. 6: Values of variable Stqp. Experiment 1. 
 
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 
Q1 385,0 0,0 0,0 192,0 192,0 0,0 0,0 0,0 12,0 0,0 204,0 204,0 204,0 0,0 600,0 588,0 564,0 372,0 
Q2 
12097,












,0 1029,0 0,0 0,0 












0 624,0 624,0 624,0 264,0 168,0 72,0 






0 1464,0 1464,0 1464,0 





















,0 6326,0 0,0 0,0 










































0 648,0 0,0 0,0 
Q10 374,0 308,0 308,0 284,0 284,0 284,0 284,0 284,0 284,0 284,0 248,0 206,0 182,0 74,0 
1434,
0 750,0 102,0 0,0 
















0 3141,0 2670,0 2562,0 
Q12 168,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 816,0 816,0 0,0 0,0 0,0 
Q13 8268,0 6156,0 2952,0 2172,0 1956,0 684,0 0,0 96,0 0,0 0,0 48,0 0,0 0,0 0,0 0,0 1050,0 906,0 0,0 




0 392,0 344,0 320,0 44,0 0,0 888,0 




































0 3030,0 0,0 6702,0 


















0 8426,0 8426,0 7646,0 
Q19 
10094,




0 816,0 0,0 378,0 204,0 0,0 0,0 780,0 0,0 252,0 168,0 




0 984,0 690,0 462,0 0,0 0,0 
14274,
0 




0 708,0 336,0 0,0 0,0 0,0 456,0 0,0 















0 0,0 0,0 
3600,
0 3600,0 3600,0 3600,0 










































0 0,0 348,0 0,0 414,0 0,0 0,0 0,0 0,0 1942,0 










7 6543,7 6543,7 6543,7 


















0 7968,0 7968,0 7968,0 


















0 1908,0 1908,0 1908,0 




0 0,0 0,0 468,0 204,0 204,0 0,0 0,0 
Q31 112,0 62,0 150,0 150,0 50,0 0,0 0,0 0,0 0,0 0,0 146,0 146,0 96,0 96,0 0,0 0,0 0,0 0,0 


































6 0,0 0,0 144,0 144,0 144,0 0,0 0,0 0,0 0,0 288,0 288,0 288,0 










































Q37 9450,0 6672,0 4908,0 1545,0 1278,0 390,0 0,0 0,0 969,0 552,0 267,0 0,0 507,0 183,0 0,0 
10248,
0 9897,0 210,0 
































0 729,0 0,0 
1410,
0 0,0 120,0 0,0 327,0 0,0 0,0 










0 7296,0 7296,0 7296,0 
Q42 2756,0 4147,0 2890,0 2394,0 2376,0 183,0 0,0 421,0 421,0 0,0 
1141,
0 434,0 0,0 0,0 104,0 104,0 0,0 96,0 






Table C.3.6:  Values of variable Stqp. Experiment 1(Continuing). 
 
 
P19 P20 P21 P22 P23 P24 P25 P26 P27 P28 P29 P30 P31 P32 P33 P34 P35 P36 
Q1 0,0 24,0 0,0 384,0 384,0 0,0 0,0 0,0 0,0 24,0 0,0 384,0 384,0 0,0 0,0 0,0 0,0 24,0 
Q2 864,0 0,0 0,0 3003,0 1230,0 0,0 903,0 0,0 864,0 0,0 0,0 3003,0 1230,0 0,0 903,0 0,0 864,0 0,0 
Q3 72,0 0,0 0,0 12,0 12,0 0,0 0,0 0,0 72,0 0,0 0,0 12,0 12,0 0,0 0,0 0,0 72,0 0,0 
Q4 1464,0 1464,0 1464,0 1464,0 1320,0 1320,0 1320,0 990,0 1464,0 1464,0 1464,0 1464,0 1320,0 1320,0 1320,0 990,0 1464,0 1464,0 
Q5 0,0 3948,0 3600,0 576,0 576,0 384,0 0,0 0,0 0,0 3948,0 3600,0 576,0 576,0 384,0 0,0 0,0 0,0 3948,0 








0 7779,0 7172,0 0,0 
Q7 0,0 500,0 120,0 0,0 820,0 400,0 0,0 0,0 0,0 500,0 120,0 0,0 820,0 400,0 0,0 0,0 0,0 500,0 
Q8 0,0 852,0 0,0 444,0 0,0 408,0 0,0 0,0 0,0 852,0 0,0 444,0 0,0 408,0 0,0 0,0 0,0 852,0 
Q9 0,0 2604,0 1764,0 1608,0 996,0 492,0 0,0 1536,0 0,0 2604,0 1764,0 1608,0 996,0 492,0 0,0 1536,0 0,0 2604,0 
Q10 0,0 0,0 552,0 552,0 0,0 0,0 378,0 0,0 0,0 0,0 552,0 552,0 0,0 0,0 378,0 0,0 0,0 0,0 
Q11 2346,0 2322,0 2322,0 2322,0 1710,0 1158,0 762,0 0,0 2346,0 2322,0 2322,0 2322,0 1710,0 1158,0 762,0 0,0 2346,0 2322,0 
Q12 0,0 0,0 408,0 408,0 408,0 408,0 408,0 408,0 0,0 0,0 408,0 408,0 408,0 408,0 408,0 408,0 0,0 0,0 
Q13 840,0 768,0 0,0 1872,0 804,0 792,0 612,0 0,0 840,0 768,0 0,0 1872,0 804,0 792,0 612,0 0,0 840,0 768,0 
Q14 804,0 804,0 732,0 300,0 240,0 240,0 168,0 108,0 804,0 804,0 732,0 300,0 240,0 240,0 168,0 108,0 804,0 804,0 
Q15 0,0 0,0 0,0 0,0 108,0 96,0 96,0 12,0 0,0 0,0 0,0 0,0 108,0 96,0 96,0 12,0 0,0 0,0 
Q16 0,0 0,0 2604,0 0,0 0,0 6696,0 0,0 
11508,
0 0,0 0,0 2604,0 0,0 0,0 6696,0 0,0 
11508,
0 0,0 0,0 








0 7776,0 0,0 5112,0 3336,0 
Q18 7646,0 7646,0 7646,0 7646,0 128,0 9984,0 9984,0 9984,0 7646,0 7646,0 7646,0 7646,0 128,0 9984,0 9984,0 9984,0 7646,0 7646,0 




















































Q23 3600,0 3600,0 1800,0 1800,0 1800,0 1800,0 1800,0 1800,0 3600,0 3600,0 1800,0 1800,0 1800,0 1800,0 1800,0 1800,0 3600,0 3600,0 
Q24 4008,0 4008,0 2004,0 2004,0 2004,0 2004,0 2004,0 2004,0 4008,0 4008,0 2004,0 2004,0 2004,0 2004,0 2004,0 2004,0 4008,0 4008,0 
Q25 0,0 0,0 0,0 0,0 0,0 
27038,
5 2315,0 0,0 0,0 0,0 0,0 0,0 0,0 
27038,
5 2315,0 0,0 0,0 0,0 
Q26 1392,0 852,0 0,0 2724,0 1188,0 1188,0 828,0 0,0 1392,0 852,0 0,0 2724,0 1188,0 1188,0 828,0 0,0 1392,0 852,0 
Q27 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 
Q28 7968,0 7968,0 7968,0 7968,0 7968,0 7968,0 7968,0 7632,0 7968,0 7968,0 7968,0 7968,0 7968,0 7968,0 7968,0 7632,0 7968,0 7968,0 
Q29 1908,0 0,0 1008,0 1008,0 600,0 0,0 2442,0 2082,0 1908,0 0,0 1008,0 1008,0 600,0 0,0 2442,0 2082,0 1908,0 0,0 
Q30 0,0 132,0 0,0 0,0 744,0 648,0 528,0 438,0 0,0 132,0 0,0 0,0 744,0 648,0 528,0 438,0 0,0 132,0 














Q33 0,0 2016,0 1530,0 1452,0 1170,0 996,0 798,0 360,0 0,0 2016,0 1530,0 1452,0 1170,0 996,0 798,0 360,0 0,0 2016,0 
Q34 288,0 288,0 144,0 144,0 144,0 144,0 0,0 0,0 288,0 288,0 144,0 144,0 144,0 144,0 0,0 0,0 288,0 288,0 






































Q37 0,0 0,0 0,0 0,0 459,0 276,0 0,0 1182,0 0,0 0,0 0,0 0,0 459,0 276,0 0,0 1182,0 0,0 0,0 






































Q40 0,0 1566,0 48,0 0,0 741,0 651,0 0,0 2043,0 0,0 1566,0 48,0 0,0 741,0 651,0 0,0 2043,0 0,0 1566,0 
Q41 7296,0 7296,0 7296,0 7296,0 7296,0 7296,0 7296,0 7296,0 7296,0 7296,0 7296,0 7296,0 7296,0 7296,0 7296,0 7296,0 7296,0 7296,0 
Q42 0,0 586,0 550,0 424,0 252,0 154,0 0,0 0,0 0,0 586,0 550,0 424,0 252,0 154,0 0,0 0,0 0,0 586,0 






Table C.3.6:  Values of variable Stqp. Experiment 1(Continuing). 
 
 
P37 P38 P39 P40 P41 P42 P43 P44 P45 P46 P47 P48 P49 P50 P51 P52 
Q1 276,0 192,0 0,0 36,0 36,0 36,0 36,0 36,0 36,0 24,0 24,0 0,0 48,0 48,0 0,0 0,0 
Q2 0,0 0,0 2979,0 0,0 0,0 0,0 1596,0 0,0 8884,0 7204,0 0,0 0,0 2565,0 0,0 0,0 0,0 
Q3 0,0 384,0 360,0 0,0 0,0 96,0 0,0 0,0 252,0 0,0 0,0 264,0 0,0 72,0 36,0 36,0 
Q4 0,0 0,0 0,0 10890,0 10890,0 10890,0 10890,0 10890,0 10890,0 10560,0 990,0 330,0 0,0 0,0 0,0 0,0 
Q5 1992,0 1872,0 1512,0 1476,0 0,0 24,0 0,0 0,0 0,0 0,0 60,0 0,0 120,0 0,0 0,0 0,0 
Q6 0,0 19830,0 0,0 6104,0 0,0 134,0 0,0 0,0 8630,0 0,0 0,0 0,0 0,0 0,0 
12253,
0 0,0 
Q7 0,0 1400,0 1100,0 300,0 0,0 6400,0 5980,0 5420,0 5420,0 4820,0 4420,0 420,0 0,0 0,0 500,0 0,0 
Q8 1272,0 276,0 0,0 1212,0 780,0 0,0 0,0 0,0 0,0 0,0 684,0 0,0 0,0 0,0 0,0 0,0 
Q9 1272,0 0,0 0,0 1668,0 924,0 0,0 9816,0 8484,0 864,0 0,0 0,0 2112,0 0,0 0,0 6216,0 2052,0 
Q10 0,0 495,0 351,0 117,0 117,0 93,0 0,0 12,0 12,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q11 822,0 0,0 1044,0 0,0 0,0 438,0 234,0 198,0 108,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q12 408,0 408,0 408,0 408,0 408,0 384,0 384,0 384,0 384,0 384,0 384,0 384,0 384,0 384,0 204,0 204,0 
Q13 720,0 0,0 4044,0 2376,0 168,0 0,0 0,0 816,0 0,0 0,0 0,0 0,0 1404,0 0,0 0,0 924,0 
Q14 84,0 48,0 0,0 750,0 0,0 36,0 0,0 2202,0 1674,0 1566,0 0,0 0,0 0,0 0,0 954,0 894,0 
Q15 12,0 12,0 12,0 0,0 0,0 72,0 48,0 36,0 36,0 36,0 36,0 12,0 12,0 12,0 0,0 12,0 
Q16 0,0 12144,0 0,0 6456,0 0,0 0,0 33168,0 12564,0 0,0 0,0 0,0 
20820,
0 0,0 0,0 0,0 0,0 
Q17 5220,0 0,0 0,0 1632,0 0,0 3965,8 479,8 18546,0 12012,0 6180,0 0,0 4397,2 
16860,
0 0,0 0,0 0,0 
Q18 9984,0 0,0 18672,0 18672,0 0,0 0,0 0,0 0,0 0,0 18276,0 0,0 8574,0 8574,0 1944,0 1944,0 1944,0 
Q19 0,0 432,0 0,0 2820,0 0,0 3610,0 3138,0 2958,0 2174,0 504,0 0,0 0,0 2724,0 0,0 0,0 
30706,
0 
Q20 0,0 2808,0 2278,0 384,0 0,0 978,0 0,0 6708,0 4674,0 3454,0 2336,0 1098,0 0,0 0,0 2318,0 0,0 
Q21 0,0 240,0 0,0 912,0 624,0 0,0 0,0 6204,0 2784,0 1824,0 1224,0 540,0 0,0 0,0 3204,0 2592,0 
Q22 20160,0 20160,0 20160,0 20160,0 20160,0 20160,0 20160,0 20160,0 20160,0 20160,0 20160,0 
20160,
0 0,0 0,0 0,0 0,0 
Q23 1800,0 1800,0 1800,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q24 2004,0 2004,0 2004,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q25 0,0 0,0 0,0 8183,0 4067,0 0,0 4261,0 0,0 7320,0 0,0 0,0 
19517,
0 5084,0 0,0 0,0 0,0 
Q26 756,0 0,0 1740,0 0,0 714,0 0,0 12019,6 17192,0 7508,0 2802,0 0,0 0,0 0,0 0,0 3310,6 0,0 
Q27 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6543,7 6243,7 
Q28 7632,0 7632,0 7632,0 7632,0 6624,0 6624,0 6624,0 6624,0 6624,0 6624,0 6384,0 4368,0 4368,0 3696,0 3696,0 3696,0 
Q29 0,0 0,0 0,0 0,0 384,0 0,0 0,0 0,0 384,0 0,0 1230,0 0,0 1230,0 720,0 0,0 4284,0 
Q30 288,0 144,0 0,0 72,0 0,0 534,0 300,0 6,0 0,0 234,0 0,0 0,0 210,0 0,0 0,0 0,0 
Q31 923,2 873,2 823,2 823,2 823,2 823,2 773,2 773,2 773,2 773,2 723,2 723,2 723,2 723,2 673,2 523,2 
Q32 0,0 248,0 0,0 120,0 0,0 2196,0 1920,0 1556,0 1160,0 648,0 308,0 0,0 536,0 0,0 0,0 0,0 
Q33 0,0 294,0 0,0 252,0 0,0 1044,0 486,0 0,0 1926,0 1284,0 636,0 0,0 798,0 0,0 0,0 3834,0 














0 4920,0 4920,0 216,0 216,0 216,0 





















5 1687,2 1687,2 1687,2 0,0 0,0 0,0 
Q37 750,0 0,0 4146,0 366,0 0,0 1083,0 0,0 2733,0 1233,0 0,0 4833,0 3549,0 2109,0 0,0 0,0 0,0 



















5 64826,5 0,0 0,0 4237,2 4237,2 
10891,
3 
Q40 1431,0 627,0 0,0 348,0 0,0 798,0 0,0 3070,0 1951,0 989,0 0,0 0,0 742,0 0,0 2571,0 1704,0 
Q41 7296,0 7296,0 7296,0 7296,0 7296,0 7296,0 7296,0 7296,0 3456,0 3456,0 3456,0 3456,0 3456,0 3456,0 0,0 0,0 
Q42 0,0 1234,0 992,0 342,0 0,0 284,0 0,0 4883,0 1074,0 0,0 387,0 0,0 0,0 0,0 3110,0 2065,0 































































































































































P1 0 0 0 40 40 0 0 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 
P2 0 0 0 40 40 0 0 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 
P3 0 0 0 40 40 0 0 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 
P4 -40 -40 -40 0 0 -40 -40 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 
P5 -40 -40 -40 0 0 -40 -40 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 
P6 0 0 0 40 40 0 0 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 



































































































































































































































































































































































































































































































































































































































































































640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  
98 






















































P1 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 
P2 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 
P3 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 
P4 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 
P5 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 
P6 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 
P7 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 640 
P8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P48 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P51 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 





Table C.3.9: Values of variable Difposps. Experiment 1. 



































P1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P4 40 40 40 0 0 40 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P5 40 40 40 0 0 40 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P8 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P9 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P10 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P11 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P12 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P13 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P14 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P15 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P16 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P17 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P18 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P19 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P20 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P21 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P22 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P23 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P24 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P25 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P26 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P27 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P28 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P29 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P30 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P31 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P32 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P33 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P34 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P35 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P36 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P37 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P38 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P39 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P40 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P41 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P42 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P43 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P44 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P45 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P46 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P47 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P48 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P49 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P50 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P51 640 640 640 600 600 640 640 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 





























































P1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P48 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P51 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 





Table C.3. 10: Values of variable Difnegps. Experiment 1. 



































P1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P4 -40 -40 -40 0 0 -40 -40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P5 -40 -40 -40 0 0 -40 -40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
































































































































































































































































































































































































































































































































































































































































































































































P1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P48 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P51 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 





APPENDIX D: Values Experiment 2 
 
APPENDIX D.1 Model and Summary. Experiment 2 
APPENDIX D.1.1 Experiment 2 in Gams language 
 
FO.. Z =e= SUM((p,s),(Difpos(p,s))); 
Difference(p,s).. Dif(p,s)=e= TN*SUM((W), C(w,p)-G(w,s))+ V*TN*SUM((T), 
M(t,p)-Y(t,s)); 
Balancedifference(p,s).. Dif(p,s)=e= Difpos(p,s)+ Difneg(p,s); 
Balance(q,p)$(not PI(p)).. St(q,p-1)+ Produ(q,p)=e= d(q,p)+ St(q,p); 
Initialbalance(q,p)..Stini(q)+ Produ(q,'p1')=e= d(q,'p1') + St(q,'p1'); 
maxpal(p).. SUM((Q), St(q,p)/u(q))=L= MAX; 
maxpal1.. SUM((Q), Stini(q)/u(q))=L= MAX; 
conper(w).. C(w,'p1')=e=SUM((P), C(w,p)/(TP-NP)); 
contem(t).. SUM((P), M(t,p))=L= 26; 
balprod(p).. SUM((Q), Produ(q,p)/h(q))=e= TN*SUM((W), C(w,p))+ 
V*TN*SUM((T), M(t,p)); 
condhol(w,p).. X(w,p)=G= C(w,p); 
maxemp(p).. SUM((W), C(w,p))+ SUM((T), M(t,p))=L= WT; 



















































































































MODEL model2 /ALL/ ; 
 


















APPENDIX D.1.2 Solve summary of Experiment 2 
      
S O L V E      S U M M A R Y 
 
     MODEL   model2              OBJECTIVE  Z 
     TYPE    MIP                 DIRECTION  MINIMIZE 
     SOLVER  CPLEX               FROM LINE  510 
 
**** SOLVER STATUS     1 Normal Completion          
**** MODEL STATUS      1 Optimal                    
**** OBJECTIVE VALUE                0.0000 
 
 RESOURCE USAGE, LIMIT          2.967      1000.000 
 ITERATION COUNT, LIMIT      2063    2000000000 
 
ILOG CPLEX       Nov  1, 2009 23.3.3 WIN 13908.15043 VIS x86/MS Windows 
Cplex 12.1.0, GAMS Link 34  
Cplex licensed for 1 use of lp, mip and barrier. 
Cplex MIP uses 1 of 2 parallel threads. Change default with option THREADS. 
MIP status(101): integer optimal solution 
Fixed MIP status(1): optimal 
Proven optimal solution. 
MIP Solution:            0.000000    (1219 iterations, 0 nodes) 
Final Solve:             0.000000    (844 iterations) 
 
Best possible:           0.000000 
Absolute gap:            0.000000 




APPENDIX D.2 Results for the Experiment 2 























































W1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 
W2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 
W3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 
W4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 
W5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 
W8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 
W9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 
W10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 
W11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 
W14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 
W15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 
W17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 
W18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 
W19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 
W20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 
W22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 
W23 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W24 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 
W25 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W26 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 
W27 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W28 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
W29 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 
W32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 
W37 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W38 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 
W39 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 






































































W1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 
W2 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 
W3 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 
W4 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W6 1 0 0 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 
W8 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 
W9 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W10 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W11 0 0 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W12 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 
W14 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 
W15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W16 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 
W17 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 
W18 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W19 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 
W20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W21 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 
W22 1 1 0 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 
W23 0 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 
W24 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W25 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 
W26 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W27 1 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 
W28 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W29 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W31 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W36 1 1 1 0 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 
W37 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W38 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W39 1 1 1 1 1 1 0 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 































































T1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 
T2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
T5 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
T6 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 1 0 0 0 
T7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
T8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T10 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 
T11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 
T13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
T15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
T17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 
T18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
T19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
T20 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
T21 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
T24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 
T25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
T26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
T27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
T28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
T29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
T30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
T31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
T32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 
T34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 
T37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 
T39 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 1 1 1 0 0 1 0 1 





























































T1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
T2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
T3 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T4 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
T5 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T6 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
T7 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
T8 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
T9 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T10 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T12 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
T13 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
T16 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
T17 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
T18 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T19 0 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 
T20 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 
T21 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T23 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
T24 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 
T25 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
T26 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
T27 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T28 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T29 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T30 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
T31 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T32 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T33 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T35 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T36 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
T37 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
T38 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T39 0 1 0 0 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0 0 1 0 1 0 



























































  Permanent Temporary  Total 
P1 31 1 32 
P2 31 1 32 
P3 31 1 32 
P4 31 1 32 
P5 31 1 32 
P6 31 1 32 
P7 31 1 32 
P8 31 1 32 
P9 31 1 32 
P10 31 1 32 
P11 31 1 32 
P12 31 1 32 
P13 31 1 32 
P14 31 1 32 
P15 31 1 32 
P16 31 1 32 
P17 31 1 32 
P18 27 5 32 
P19 27 5 32 
P20 26 6 32 
P21 25 7 32 
P22 26 6 32 
P23 24 8 32 
P24 25 7 32 
P25 26 6 32 
P26 28 4 32 
 
Permanent Temporary  Total 
P27 28 4 32 
P28 28 4 32 
P29 27 5 32 
P30 27 5 32 
P31 29 3 32 
P32 28 4 32 
P33 25 7 32 
P34 27 5 32 
P35 27 5 32 
P36 25 7 32 
P37 24 8 32 
P38 24 8 32 
P39 25 7 32 
P40 25 7 32 
P41 25 7 32 
P42 27 5 32 
P43 27 5 32 
P44 31 1 32 
P45 31 1 32 
P46 31 1 32 
P47 31 1 32 
P48 31 1 32 
P49 31 1 32 
P50 31 1 32 
P51 31 1 32 
P52 31 1 32 
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Table D.2. 4: Values of variable Produqp. Experiment 2. 
 
 
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 
Q1 0,0 768,0 876,0 0,0 192,0 0,0 204,0 24,0 0,0 12,0 12,0 0,0 0,0 204,0 24,0 0,0 216,0 0,0 
Q2 2589,0 0,0 
10686,
0 0,0 0,0 0,0 1311,0 2445,0 285,0 
59385,
0 0,0 1971,0 0,0 1071,0 
13050,
0 0,0 0,0 3981,0 
Q3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 7610,0 0,0 0,0 0,0 0,0 0,0 276,0 0,0 
Q4 330,0 0,0 
10890,
0 0,0 0,0 330,0 330,0 0,0 0,0 330,0 0,0 474,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q5 0,0 0,0 0,0 0,0 168,0 1668,0 0,0 84,0 84,0 0,0 180,0 0,0 84,0 0,0 8040,0 0,0 0,0 0,0 




0 0,0 6435,0 
32104,
0 996,0 8877,0 
11866,
0 3457,0 4618,0 6902,0 
19940,
0 0,0 6326,0 0,0 
Q7 0,0 0,0 1400,0 0,0 0,0 760,0 0,0 4536,0 0,0 0,0 3272,0 0,0 140,0 720,0 0,0 580,0 500,0 1360,0 
Q8 1788,0 0,0 1320,0 2964,0 8784,0 0,0 0,0 1620,0 348,0 1164,0 0,0 828,0 7668,0 420,0 1752,0 0,0 0,0 0,0 
Q9 0,0 0,0 0,0 0,0 0,0 8052,0 1212,0 2712,0 2340,0 0,0 
10860,
0 0,0 0,0 708,0 360,0 1680,0 2520,0 0,0 
Q10 0,0 66,0 0,0 24,0 0,0 0,0 0,0 0,0 0,0 0,0 36,0 42,0 222,0 0,0 0,0 1332,0 0,0 102,0 
Q11 12,0 0,0 0,0 288,0 0,0 0,0 0,0 4302,0 0,0 0,0 0,0 0,0 1602,0 0,0 0,0 0,0 579,0 0,0 
Q12 0,0 0,0 0,0 0,0 0,0 0,0 0,0 48,0 0,0 0,0 984,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q13 0,0 5316,0 0,0 780,0 1488,0 0,0 684,0 900,0 0,0 3570,0 0,0 0,0 0,0 0,0 1110,0 0,0 0,0 0,0 
Q14 0,0 2508,0 0,0 0,0 948,0 0,0 0,0 1536,0 0,0 0,0 0,0 0,0 846,0 0,0 512,0 0,0 0,0 0,0 







0 0,0 0,0 0,0 
40902,











0 0,0 0,0 0,0 4416,0 0,0 3354,0 2946,0 2514,0 1452,0 1974,0 
12960,
0 0,0 0,0 0,0 
Q18 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 780,0 
Q19 0,0 0,0 0,0 0,0 196,0 5162,0 0,0 294,0 1908,0 1218,0 0,0 0,0 204,0 144,0 126,0 1612,0 0,0 0,0 
Q20 0,0 0,0 0,0 0,0 0,0 0,0 0,0 3414,0 0,0 0,0 0,0 0,0 0,0 0,0 228,0 1206,0 0,0 60,0 
Q21 0,0 1236,0 2664,0 0,0 0,0 1248,0 396,0 804,0 324,0 0,0 1440,0 0,0 0,0 0,0 840,0 0,0 0,0 1440,0 
Q22 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
33925,
4 0,0 0,0 
Q23 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 







0 0,0 0,0 6082,0 2400,0 6159,0 
11013,
0 0,0 0,0 7564,0 0,0 0,0 0,0 4020,0 
Q26 8166,0 0,0 0,0 0,0 2844,0 0,0 0,0 1456,0 4152,0 0,0 3556,0 0,0 288,0 1452,0 0,0 0,0 3016,0 0,0 
Q27 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 360,0 0,0 0,0 0,0 
Q28 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 3600,0 
Q29 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 3360,0 0,0 0,0 0,0 0,0 0,0 1908,0 0,0 
Q30 144,0 1506,0 0,0 0,0 0,0 408,0 390,0 2856,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 204,0 0,0 96,0 
Q31 0,0 0,0 0,0 0,0 0,0 0,0 0,0 50,0 0,0 0,0 196,0 0,0 0,0 0,0 0,0 50,0 0,0 1075,0 
Q32 5728,0 0,0 0,0 0,0 0,0 0,0 432,0 468,0 132,0 204,0 72,0 396,0 0,0 324,0 0,0 0,0 248,0 24,0 
Q33 4170,0 0,0 0,0 0,0 798,0 0,0 336,0 678,0 0,0 450,0 492,0 0,0 356,0 0,0 330,0 0,0 408,0 54,0 
Q34 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 144,0 0,0 0,0 
57737,
8 0,0 0,0 0,0 0,0 0,0 
Q35 0,0 0,0 0,0 0,0 0,0 0,0 292,0 
16713,
7 0,0 0,0 
26558,









4 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
45396,
9 1004,7 
Q37 0,0 7905,0 0,0 0,0 1155,0 0,0 390,0 678,0 876,0 0,0 0,0 267,0 960,0 324,0 183,0 957,0 0,0 
12880,
0 
Q38 0,0 2784,0 2280,0 1797,0 252,0 1980,0 813,0 981,0 2745,0 0,0 0,0 0,0 0,0 1896,0 0,0 1596,0 0,0 420,0 























0 0,0 0,0 0,0 0,0 0,0 0,0 1467,0 0,0 1275,0 0,0 135,0 1824,0 0,0 0,0 153,0 327,0 5664,0 
Q41 0,0 0,0 0,0 0,0 4080,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q42 8,0 2321,0 0,0 0,0 0,0 2193,0 183,0 703,0 0,0 0,0 1281,0 0,0 0,0 338,0 0,0 0,0 104,0 84,0 








Table D.2.4:  Values of variable Produqp. Experiment 2 (Continuing). 
 
 
P19 P20 P21 P22 P23 P24 P25 P26 P27 P28 P29 P30 P31 P32 P33 P34 P35 P36 
Q1 408,0 0,0 204,0 0,0 0,0 384,0 96,0 0,0 0,0 0,0 492,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q2 0,0 3225,0 0,0 0,0 3570,0 0,0 0,0 903,0 2175,0 0,0 1134,0 4077,0 0,0 1047,0 0,0 2301,0 0,0 
13336,
0 
Q3 0,0 0,0 0,0 0,0 0,0 0,0 288,0 36,0 0,0 72,0 384,0 0,0 0,0 0,0 96,0 60,0 972,0 0,0 
Q4 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1650,0 0,0 
10560,
0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 









0 0,0 0,0 6104,0 
12804,
0 0,0 0,0 
11093,
0 8630,0 
Q7 0,0 0,0 0,0 120,0 2360,0 0,0 0,0 680,0 0,0 1500,0 0,0 0,0 300,0 300,0 420,0 5560,0 0,0 0,0 
Q8 0,0 1560,0 0,0 480,0 0,0 480,0 408,0 732,0 324,0 996,0 276,0 1080,0 432,0 780,0 324,0 9600,0 0,0 0,0 
Q9 8100,0 0,0 0,0 0,0 0,0 1884,0 0,0 0,0 264,0 3468,0 0,0 0,0 744,0 924,0 1128,0 1332,0 8484,0 0,0 
Q10 138,0 0,0 552,0 0,0 0,0 72,0 63,0 843,0 0,0 0,0 0,0 258,0 0,0 0,0 741,0 0,0 0,0 0,0 
Q11 240,0 0,0 0,0 0,0 1560,0 0,0 0,0 1956,0 0,0 822,0 150,0 1044,0 504,0 0,0 240,0 0,0 90,0 108,0 
Q12 0,0 0,0 0,0 0,0 604,8 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q13 168,0 2304,0 0,0 0,0 2052,0 0,0 0,0 0,0 0,0 3036,0 0,0 0,0 2796,0 0,0 0,0 4386,0 0,0 0,0 
Q14 0,0 0,0 0,0 432,0 300,0 0,0 0,0 0,0 0,0 0,0 0,0 978,0 0,0 0,0 48,0 0,0 528,0 108,0 


















Q17 6702,0 0,0 0,0 0,0 
10260,
0 0,0 2598,0 
26942,
0 0,0 0,0 0,0 0,0 7944,0 0,0 3486,0 
22668,
0 0,0 0,0 
Q18 
17502,
0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
18672,
0 0,0 0,0 0,0 0,0 0,0 
Q19 0,0 78,0 384,0 0,0 
39418,
0 0,0 0,0 2172,0 810,0 732,0 4780,0 0,0 0,0 832,0 0,0 180,0 784,0 2174,0 
Q20 
15434,
0 0,0 0,0 0,0 0,0 0,0 0,0 788,0 522,0 3358,0 0,0 0,0 384,0 1962,0 0,0 722,0 4372,0 0,0 
Q21 0,0 0,0 0,0 408,0 0,0 60,0 408,0 768,0 204,0 468,0 3060,0 0,0 0,0 0,0 0,0 6120,0 0,0 0,0 
Q22 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q23 8166,6 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q24 0,0 0,0 7332,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q25 0,0 
10928,
0 8536,0 0,0 5996,0 2814,0 
61267,
0 0,0 2763,0 3597,0 9140,0 0,0 8183,0 0,0 
21002,
0 0,0 0,0 0,0 
Q26 0,0 0,0 0,0 1632,0 0,0 360,0 0,0 828,0 2268,0 0,0 0,0 2016,0 0,0 
45714,
0 0,0 9942,0 9684,0 9860,0 
Q27 5964,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q28 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q29 0,0 0,0 180,0 408,0 0,0 1860,0 0,0 360,0 2082,0 1350,0 0,0 0,0 0,0 384,0 
11940,
0 2268,0 0,0 384,0 
Q30 552,0 0,0 0,0 36,0 708,0 0,0 0,0 0,0 0,0 0,0 144,0 324,0 0,0 390,0 0,0 654,0 0,0 0,0 





3 0,0 0,0 308,0 0,0 0,0 192,0 584,0 0,0 248,0 3704,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q33 2400,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 528,0 294,0 2556,0 0,0 0,0 0,0 1638,0 0,0 0,0 
Q34 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
35748,
5 0,0 5027,3 0,0 0,0 0,0 0,0 
47188,
3 0,0 0,0 0,0 
Q35 0,0 0,0 0,0 0,0 512,0 0,0 0,0 632,0 0,0 548,0 4864,0 4948,3 0,0 
15751,
7 0,0 0,0 0,0 0,0 














0 0,0 0,0 2947,2 0,0 0,0 
Q37 0,0 0,0 0,0 141,0 3102,0 0,0 0,0 0,0 0,0 1500,0 0,0 
25143,
0 0,0 0,0 0,0 0,0 0,0 0,0 










Q40 138,0 1536,0 0,0 48,0 1194,0 741,0 0,0 378,0 1416,0 0,0 4719,0 0,0 0,0 0,0 1800,0 0,0 2081,0 0,0 
Q41 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 3840,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q42 420,0 0,0 0,0 0,0 424,0 0,0 0,0 526,0 0,0 645,0 892,0 0,0 342,0 151,0 284,0 
15313,
0 0,0 0,0 
Q43 624,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
17700,



















P37 P38 P39 P40 P41 P42 P43 P44 P45 P46 P47 P48 P49 P50 P51 P52 
Q1 0,0 0,0 0,0 0,0 0,0 264,0 0,0 0,0 0,0 0,0 36,0 48,0 12,0 144,0 0,0 0,0 
Q2 0,0 0,0 0,0 3672,0 0,0 1452,0 1149,0 1752,0 0,0 1227,0 1128,0 1497,0 498,0 1461,0 2793,0 0,0 
Q3 0,0 0,0 540,0 0,0 36,0 264,0 0,0 0,0 0,0 1923,0 0,0 0,0 0,0 0,0 228,0 0,0 
Q4 0,0 0,0 660,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q5 84,0 0,0 24,0 432,0 0,0 0,0 24,0 156,0 24,0 3840,0 0,0 12,0 0,0 48,0 0,0 1839,6 
Q6 11415,0 50791,0 0,0 9689,0 18292,0 0,0 17480,0 0,0 39538,0 0,0 0,0 0,0 0,0 30055,4 0,0 0,0 
Q7 0,0 0,0 2620,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1090,0 0,0 0,0 0,0 0,0 
Q8 0,0 0,0 0,0 7182,0 0,0 0,0 1992,0 6336,0 0,0 0,0 696,0 2430,0 228,0 2160,0 0,0 612,0 
Q9 4152,0 0,0 0,0 11628,0 0,0 0,0 2052,0 7812,0 0,0 0,0 816,0 4740,0 0,0 0,0 9304,8 0,0 
Q10 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q11 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q12 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q13 0,0 2514,0 0,0 2580,0 0,0 2184,0 0,0 4890,0 0,0 0,0 0,0 0,0 0,0 2160,0 0,0 0,0 
Q14 2070,0 0,0 0,0 402,0 132,0 954,0 0,0 264,0 0,0 6252,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q15 0,0 0,0 0,0 24,0 0,0 0,0 12,0 0,0 0,0 12,0 0,0 0,0 24,0 0,0 0,0 0,0 
Q16 0,0 40584,0 38268,0 0,0 0,0 25068,0 29556,0 31356,0 21204,0 29052,0 6456,0 17088,0 0,0 24252,0 36588,0 0,0 
Q17 0,0 0,0 19932,0 0,0 17028,0 0,0 21282,0 0,0 0,0 4224,0 7692,0 0,0 12978,0 0,0 0,0 0,0 
Q18 18276,0 45882,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q19 0,0 3374,0 0,0 2724,0 806,0 8374,7 23901,3 8304,0 0,0 0,0 0,0 0,0 0,0 7586,0 2890,2 0,0 
Q20 0,0 1238,0 1098,0 7694,0 0,0 0,0 0,0 1026,0 1830,0 4656,0 0,0 0,0 0,0 1410,0 8538,0 0,0 
Q21 0,0 0,0 2342,0 0,0 0,0 0,0 2592,0 575,0 1104,0 0,0 564,0 2040,0 0,0 0,0 0,0 420,0 
Q22 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 634,6 0,0 0,0 0,0 3168,0 0,0 0,0 
Q23 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q24 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q25 21056,0 0,0 14433,0 5084,0 6577,0 31722,0 0,0 10170,0 8665,0 26022,0 0,0 0,0 2664,0 12796,0 16591,0 0,0 
Q26 0,0 0,0 18904,0 31642,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 2062,0 828,0 5328,0 0,0 0,0 
Q27 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q28 0,0 0,0 4368,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 4704,0 0,0 0,0 0,0 0,0 
Q29 0,0 1230,0 294,0 1230,0 0,0 3120,0 0,0 0,0 2202,0 1320,0 0,0 1992,0 0,0 0,0 0,0 0,0 
Q30 750,0 0,0 348,0 210,0 618,0 0,0 414,0 0,0 894,0 0,0 264,0 0,0 582,0 0,0 0,0 264,0 
Q31 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q32 0,0 0,0 0,0 1064,0 0,0 3584,0 0,0 0,0 0,0 0,0 0,0 0,0 192,0 1044,0 0,0 0,0 
Q33 2418,0 0,0 0,0 1530,0 0,0 6614,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1368,0 0,0 0,0 
Q34 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 37556,4 0,0 55563,5 0,0 0,0 23129,8 0,0 63584,6 
Q35 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 9036,4 0,0 0,0 0,0 
Q36 25006,2 29159,2 0,0 0,0 0,0 0,0 15867,5 0,0 0,0 0,0 0,0 26992,7 23605,8 0,0 0,0 0,0 
Q37 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 4740,0 0,0 3086,7 0,0 0,0 0,0 
Q38 0,0 0,0 0,0 0,0 0,0 0,0 0,0 3192,0 0,0 3180,0 0,0 1080,0 8484,0 0,0 0,0 0,0 
Q39 0,0 0,0 15087,9 5252,1 37990,7 0,0 0,0 28106,7 6167,0 25953,5 0,0 14248,1 0,0 0,0 33275,6 0,0 
Q40 5014,0 0,0 0,0 1658,0 0,0 2571,0 0,0 4122,0 0,0 0,0 805,0 2460,0 2307,0 0,0 0,0 2854,0 
Q41 3345,1 0,0 0,0 110,9 0,0 0,0 0,0 2688,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 3168,0 
Q42 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1734,0 168,0 5059,0 0,0 0,0 
Q43 0,0 0,0 0,0 0,0 0,0 12878,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
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Table D.2. 5: Values of total working hours. Experiment 2. 
 










































































































Table D.2. 6: Values of variable Stqp . Experiment 2. 
 
 
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 
Q1 0,0 0,0 48,0 0,0 192,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 12,0 0,0 192,0 0,0 
Q2 2589,0 0,0 4020,0 2226,0 2070,0 0,0 0,0 0,0 0,0 936,0 0,0 543,0 0,0 0,0 
12552,
0 1029,0 0,0 1176,0 




0 360,0 360,0 360,0 0,0 180,0 84,0 
Q4 330,0 0,0 990,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 474,0 474,0 474,0 474,0 474,0 474,0 474,0 
Q5 2004,0 1872,0 288,0 0,0 0,0 72,0 0,0 0,0 72,0 0,0 156,0 0,0 84,0 0,0 7872,0 7380,0 6816,0 6780,0 
Q6 8956,0 0,0 8920,0 0,0 
11679,
0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
15760,
0 0,0 0,0 0,0 




0 0,0 80,0 0,0 0,0 560,0 0,0 0,0 0,0 1120,0 
Q8 1788,0 0,0 0,0 0,0 8304,0 828,0 0,0 0,0 0,0 468,0 0,0 0,0 0,0 0,0 1608,0 900,0 396,0 240,0 






0 0,0 0,0 0,0 0,0 1872,0 0,0 
Q10 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 198,0 90,0 0,0 648,0 0,0 0,0 










0 1332,0 1332,0 0,0 108,0 0,0 
Q12 168,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 984,0 984,0 984,0 984,0 984,0 168,0 168,0 168,0 






0 576,0 0,0 1050,0 1050,0 906,0 0,0 




0 720,0 600,0 0,0 48,0 0,0 488,0 212,0 168,0 156,0 
Q15 684,0 288,0 120,0 0,0 0,0 12,0 0,0 24,0 24,0 0,0 132,0 132,0 132,0 132,0 12,0 12,0 12,0 0,0 




















0 0,0 9156,0 




0 8808,0 0,0 348,0 0,0 0,0 0,0 0,0 0,0 0,0 
12126,
0 9528,0 6498,0 0,0 
Q18 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q19 2554,0 1710,0 870,0 0,0 0,0 150,0 0,0 0,0 0,0 402,0 174,0 0,0 0,0 0,0 0,0 832,0 252,0 168,0 








0 870,0 294,0 0,0 0,0 744,0 0,0 0,0 
Q21 0,0 0,0 1704,0 504,0 0,0 0,0 0,0 0,0 216,0 0,0 
1200,
0 708,0 336,0 0,0 744,0 480,0 0,0 984,0 



















0 0,0 0,0 0,0 0,0 0,0 0,0 
Q24 1200,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q25 0,0 0,0 8978,0 0,0 
18868,




0 0,0 4934,0 4934,0 0,0 0,0 2336,0 
Q26 8166,0 4926,0 2424,0 0,0 1938,0 1230,0 0,0 0,0 
4068,
0 0,0 348,0 0,0 0,0 1038,0 826,0 0,0 2344,0 1942,0 
Q27 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 360,0 0,0 0,0 0,0 
Q28 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 3600,0 




0 0,0 0,0 0,0 0,0 1908,0 1908,0 








0 600,0 480,0 264,0 0,0 204,0 0,0 0,0 
Q31 250,0 200,0 150,0 150,0 50,0 0,0 0,0 50,0 0,0 0,0 146,0 146,0 96,0 96,0 0,0 0,0 0,0 1075,0 
Q32 5728,0 4200,0 2648,0 1352,0 816,0 0,0 0,0 0,0 0,0 0,0 0,0 204,0 0,0 168,0 168,0 0,0 0,0 0,0 




































































Q37 0,0 5127,0 3363,0 0,0 888,0 0,0 0,0 0,0 702,0 285,0 0,0 0,0 0,0 0,0 0,0 351,0 0,0 3193,0 






































0 5028,0 3201,0 1605,0 1161,0 417,0 0,0 558,0 0,0 729,0 0,0 0,0 414,0 120,0 0,0 0,0 0,0 0,0 
Q41 2880,0 0,0 0,0 0,0 1200,0 1200,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q42 0,0 1771,0 514,0 18,0 0,0 0,0 0,0 421,0 421,0 0,0 
1141,
0 434,0 0,0 114,0 0,0 0,0 0,0 0,0 






Table D.2.6:  Values of variable Stqp. Experiment 2 (Continuing). 
 
 
P19 P20 P21 P22 P23 P24 P25 P26 P27 P28 P29 P30 P31 P32 P33 P34 P35 P36 
Q1 36,0 0,0 180,0 0,0 0,0 0,0 84,0 84,0 84,0 0,0 300,0 108,0 108,0 108,0 108,0 108,0 108,0 96,0 
Q2 0,0 2361,0 1512,0 0,0 1797,0 567,0 0,0 0,0 1056,0 0,0 0,0 1098,0 0,0 1023,0 0,0 705,0 0,0 
11656,
0 
Q3 84,0 12,0 12,0 12,0 12,0 0,0 0,0 24,0 0,0 0,0 360,0 0,0 0,0 0,0 0,0 0,0 972,0 720,0 

















Q5 528,0 348,0 0,0 0,0 636,0 444,0 60,0 0,0 0,0 0,0 1512,0 1476,0 0,0 36,0 12,0 0,0 84,0 0,0 










0 0,0 0,0 7903,0 7769,0 0,0 0,0 0,0 
Q7 860,0 380,0 0,0 0,0 820,0 400,0 0,0 400,0 0,0 1100,0 800,0 0,0 0,0 0,0 0,0 5000,0 5000,0 4400,0 
Q8 0,0 852,0 0,0 444,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 8832,0 3696,0 3120,0 
Q9 2268,0 1608,0 768,0 612,0 0,0 1380,0 888,0 0,0 0,0 2196,0 1632,0 0,0 0,0 0,0 0,0 0,0 864,0 0,0 
Q10 18,0 0,0 552,0 552,0 0,0 0,0 0,0 465,0 240,0 144,0 0,0 24,0 24,0 0,0 648,0 12,0 12,0 0,0 
Q11 24,0 0,0 0,0 0,0 948,0 396,0 0,0 1194,0 0,0 0,0 0,0 0,0 276,0 0,0 36,0 0,0 0,0 0,0 
Q12 168,0 0,0 0,0 0,0 604,8 604,8 604,8 604,8 604,8 604,8 604,8 604,8 604,8 580,8 580,8 580,8 580,8 580,8 
Q13 0,0 2232,0 1464,0 0,0 984,0 972,0 792,0 180,0 0,0 2316,0 1668,0 0,0 588,0 420,0 0,0 4182,0 3366,0 2622,0 
Q14 72,0 72,0 0,0 0,0 240,0 240,0 168,0 108,0 84,0 48,0 0,0 882,0 132,0 0,0 12,0 0,0 0,0 0,0 
Q15 12,0 0,0 0,0 0,0 12,0 0,0 96,0 12,0 12,0 12,0 12,0 0,0 24,0 24,0 0,0 0,0 24,0 24,0 
Q16 0,0 0,0 2604,0 0,0 
11676,
0 0,0 9516,0 0,0 0,0 0,0 
30024,
























0 9984,0 9984,0 9984,0 9984,0 9984,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 









0 1160,0 1148,0 650,0 476,0 0,0 0,0 0,0 2424,0 1894,0 0,0 0,0 978,0 0,0 0,0 2338,0 1118,0 






































Q23 8166,6 8166,6 6366,6 6366,6 6366,6 6366,6 6366,6 6366,6 6366,6 6366,6 6366,6 4566,6 4566,6 4566,6 4566,6 4566,6 4566,6 4566,6 
Q24 0,0 0,0 5328,0 5328,0 5328,0 5328,0 5328,0 5328,0 5328,0 5328,0 5328,0 3324,0 3324,0 3324,0 3324,0 3324,0 3324,0 3324,0 




0 7320,0 0,0 
Q26 1392,0 852,0 0,0 1536,0 0,0 360,0 0,0 0,0 1698,0 942,0 0,0 276,0 0,0 
45000,
0 0,0 0,0 0,0 5154,0 
Q27 5964,0 5964,0 5964,0 5964,0 5964,0 5964,0 5964,0 5964,0 5964,0 5964,0 5964,0 5964,0 5964,0 5964,0 5964,0 5964,0 5964,0 5964,0 
Q28 3600,0 3600,0 3600,0 3600,0 3600,0 3600,0 3600,0 3264,0 3264,0 3264,0 3264,0 3264,0 2256,0 2256,0 2256,0 2256,0 2256,0 2256,0 
Q29 1908,0 0,0 0,0 408,0 0,0 1260,0 0,0 0,0 0,0 894,0 726,0 30,0 0,0 0,0 0,0 1992,0 0,0 0,0 
Q30 456,0 132,0 0,0 0,0 600,0 504,0 384,0 294,0 144,0 0,0 0,0 72,0 0,0 234,0 0,0 360,0 354,0 0,0 





0 0,0 0,0 224,0 200,0 0,0 0,0 464,0 0,0 0,0 2908,0 2788,0 2444,0 2168,0 1804,0 1408,0 896,0 













































































































































Q40 0,0 1518,0 0,0 0,0 0,0 651,0 0,0 0,0 804,0 0,0 4092,0 1140,0 792,0 0,0 1002,0 0,0 962,0 0,0 
Q41 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 3840,0 3840,0 3840,0 3840,0 3840,0 0,0 0,0 






















Table D.2.6:  Values of variable Stqp. Experiment 2 (Continuing). 
 
 
P37 P38 P39 P40 P41 P42 P43 P44 P45 P46 P47 P48 P49 P50 P51 P52 
Q1 96,0 72,0 48,0 48,0 0,0 216,0 216,0 216,0 216,0 0,0 0,0 0,0 0,0 72,0 0,0 0,0 
Q2 4452,0 2046,0 0,0 1107,0 0,0 0,0 0,0 1215,0 0,0 0,0 0,0 0,0 0,0 0,0 1689,0 0,0 
Q3 624,0 0,0 276,0 0,0 0,0 264,0 228,0 228,0 0,0 1383,0 444,0 396,0 324,0 0,0 108,0 0,0 
Q4 660,0 0,0 330,0 330,0 330,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q5 60,0 0,0 0,0 312,0 120,0 0,0 0,0 0,0 0,0 2220,0 0,0 12,0 0,0 36,0 0,0 1803,6 
Q6 0,0 40842,0 0,0 0,0 12253,0 0,0 9129,0 0,0 30760,0 20286,0 6327,0 3567,0 0,0 23637,4 15620,4 8060,4 
Q7 4000,0 0,0 2200,0 1900,0 1480,0 980,0 800,0 420,0 180,0 0,0 0,0 1090,0 1070,0 930,0 770,0 770,0 
Q8 2376,0 1692,0 0,0 5148,0 3180,0 0,0 0,0 3948,0 2364,0 0,0 0,0 0,0 0,0 528,0 0,0 0,0 
Q9 2952,0 2112,0 0,0 6408,0 4164,0 0,0 0,0 5436,0 3384,0 0,0 0,0 2364,0 1884,0 0,0 8440,8 7516,8 
Q10 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q11 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Q12 580,8 580,8 580,8 580,8 400,8 400,8 400,8 328,8 196,8 196,8 184,8 184,8 184,8 184,8 184,8 184,8 
Q13 0,0 1032,0 0,0 1176,0 0,0 924,0 0,0 4602,0 3354,0 3078,0 2514,0 504,0 0,0 1044,0 564,0 0,0 
Q14 504,0 96,0 0,0 0,0 0,0 894,0 0,0 72,0 0,0 6048,0 5832,0 924,0 804,0 396,0 276,0 0,0 
Q15 24,0 0,0 0,0 24,0 12,0 0,0 0,0 0,0 0,0 12,0 12,0 0,0 24,0 12,0 0,0 0,0 
Q16 0,0 0,0 17448,0 17448,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 6372,0 0,0 0,0 18648,0 0,0 
Q17 684,0 0,0 16860,0 0,0 6222,0 0,0 15942,0 5448,0 0,0 0,0 2958,0 0,0 10422,0 5838,0 2568,0 0,0 
Q18 0,0 26178,0 26178,0 19548,0 19548,0 19548,0 17604,0 17604,0 17604,0 17604,0 17604,0 0,0 0,0 0,0 0,0 0,0 
Q19 0,0 826,0 0,0 0,0 0,0 6804,7 0,0 7670,0 6096,0 2002,0 1116,0 222,0 0,0 0,0 2794,2 2320,2 
Q20 0,0 0,0 0,0 6928,0 5410,0 3092,0 0,0 0,0 0,0 3300,0 2166,0 714,0 0,0 0,0 7740,0 6948,0 
Q21 684,0 0,0 1802,0 1140,0 612,0 0,0 0,0 0,0 576,0 0,0 0,0 1428,0 1092,0 348,0 0,0 0,0 
Q22 33925,4 33925,4 13765,4 13765,4 13765,4 13765,4 13765,4 13765,4 3685,4 4320,0 4320,0 0,0 0,0 3168,0 3168,0 3168,0 
Q23 5988,9 8591,3 9952,4 8173,8 6431,9 6596,5 6391,3 6779,1 3375,4 3851,2 4349,6 1058,1 1466,5 792,5 4042,0 1807,9 
Q24 6305,7 8905,9 10503,6 8584,7 6724,4 6984,7 6717,4 7127,6 3398,5 3947,2 4556,0 1079,9 1531,5 718,3 4146,2 1843,4 
Q25 6622,4 9220,6 11054,9 8995,6 7016,9 7373,0 7043,6 7476,2 3421,6 4043,1 4762,4 1101,6 1596,6 644,2 4250,3 1879,0 
Q26 6939,1 9535,2 11606,1 9406,5 7309,4 7761,3 7369,8 7824,8 3444,7 4139,1 4968,8 1123,4 1661,6 570,0 4354,5 1914,6 
Q27 7255,9 9849,9 12157,3 9817,4 7601,9 8149,5 7696,0 8173,3 3467,8 4235,1 5175,1 1145,1 1726,7 495,9 4458,7 1950,2 
Q28 7572,6 10164,5 12708,6 10228,3 7894,4 8537,8 8022,1 8521,9 3490,9 4331,0 5381,5 1166,9 1791,7 421,7 4562,8 1985,7 
Q29 7889,3 10479,2 13259,8 10639,2 8186,9 8926,1 8348,3 8870,5 3514,0 4427,0 5587,9 1188,6 1856,8 347,6 4667,0 2021,3 
Q30 8206,1 10793,8 13811,1 11050,1 8479,4 9314,4 8674,5 9219,0 3537,1 4522,9 5794,3 1210,4 1921,8 273,4 4771,2 2056,9 
Q31 8522,8 11108,5 14362,3 11461,1 8771,9 9702,6 9000,7 9567,6 3560,2 4618,9 6000,7 1232,1 1986,9 199,3 4875,3 2092,5 
Q32 8839,5 11423,1 14913,6 11872,0 9064,5 10090,9 9326,9 9916,2 3583,3 4714,8 6207,0 1253,8 2051,9 125,1 4979,5 2128,0 
Q33 9156,3 11737,8 15464,8 12282,9 9357,0 10479,2 9653,0 10264,7 3606,4 4810,8 6413,4 1275,6 2117,0 51,0 5083,6 2163,6 
Q34 9473,0 12052,4 16016,0 12693,8 9649,5 10867,5 9979,2 10613,3 3629,5 4906,8 6619,8 1297,3 2182,0 -23,2 5187,8 2199,2 
Q35 9789,8 12367,1 16567,3 13104,7 9942,0 11255,7 10305,4 10961,8 3652,6 5002,7 6826,2 1319,1 2247,1 -97,3 5292,0 2234,8 
Q36 10106,5 12681,7 17118,5 13515,6 10234,5 11644,0 10631,6 11310,4 3675,7 5098,7 7032,6 1340,8 2312,1 -171,5 5396,1 2270,4 
Q37 10423,2 12996,4 17669,8 13926,5 10527,0 12032,3 10957,7 11659,0 3698,8 5194,6 7238,9 1362,6 2377,2 -245,6 5500,3 2305,9 
Q38 10740,0 13311,0 18221,0 14337,4 10819,5 12420,5 11283,9 12007,5 3721,9 5290,6 7445,3 1384,3 2442,2 -319,8 5604,5 2341,5 
Q39 11056,7 13625,7 18772,2 14748,3 11112,0 12808,8 11610,1 12356,1 3745,0 5386,5 7651,7 1406,1 2507,3 -393,9 5708,6 2377,1 
Q40 11373,4 13940,3 19323,5 15159,2 11404,5 13197,1 11936,3 12704,7 3768,1 5482,5 7858,1 1427,8 2572,3 -468,1 5812,8 2412,7 
Q41 11690,2 14255,0 19874,7 15570,1 11697,0 13585,4 12262,4 13053,2 3791,2 5578,4 8064,5 1449,5 2637,4 -542,2 5916,9 2448,2 
Q42 12006,9 14569,6 20426,0 15981,1 11989,5 13973,6 12588,6 13401,8 3814,3 5674,4 8270,8 1471,3 2702,4 -616,4 6021,1 2483,8 
























































































































Table D.2. 8: Values of variable Difps. Experiment 2. 
 



































P1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P48 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P51 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 






























































P1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P48 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P51 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 







Table D.2. 9: Values of variable Difposps. Experiment 2. 
 



































P1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P48 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P51 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




























































P1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P48 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P51 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 





Table D.2. 10: Values of variable Difnegps. Experiment 2. 



































P1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P48 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P51 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 






























































P1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P48 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P51 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 






















































APPENDIX E: Values for the Validation of the Model 
 
APPENDIX E.1 Cumulative level working hours 
 
Table E.1. 1: Cumulative level of working hours. Experiment 1. 
  Experimental working hours Necessary working hours 
P0 5548,932252   
P1 7388,932252 3,349584295 
P2 9228,932252 1318,572381 
P3 11068,93225 2696,810811 
P4 12868,93225 4732,791997 
P5 14668,93225 4989,915179 
P6 16508,93225 6507,182542 
P7 18348,93225 18174,50523 
P8 19548,93225 18774,19748 
P9 20748,93225 18914,34779 
P10 21948,93225 19534,0731 
P11 23148,93225 19927,5992 
P12 24348,93225 21534,77645 
P13 25548,93225 22047,39401 
P14 26748,93225 22252,45907 
P15 27948,93225 22363,71907 
P16 29148,93225 22768,04518 
P17 30348,93225 23422,8753 
P18 31548,93225 24005,44635 
P19 32748,93225 24325,99934 
P20 33948,93225 24619,43514 
P21 35148,93225 28428,28613 
P22 36348,93225 28625,08041 
P23 37548,93225 29161,59405 
P24 38748,93225 29692,83546 
P25 39948,93225 31187,29494 
P26 41148,93225 31568,97673 
P27 42348,93225 31853,17796 
P28 43548,93225 32245,48271 
P29 44748,93225 34559,09636 
P30 45948,93225 35332,29578 
P31 47148,93225 35679,75377 
P32 48348,93225 36023,5967 
P33 49548,93225 37727,43553 
P34 50748,93225 41080,6519 
P35 51948,93225 42118,77083 
P36 53148,93225 42777,39357 
P37 54348,93225 49918,28469 
P38 55548,93225 54274,14048 
P39 56748,93225 55789,34339 
P40 57948,93225 57514,98887 
P41 59148,93225 58406,90188 
P42 60348,93225 59238,23154 
P43 61548,93225 60675,19614 
P44 62748,93225 61324,67929 
P45 63948,93225 62193,42962 
P46 65148,93225 62887,48663 
P47 66348,93225 63700,66593 
P48 67548,93225 64549,60647 
P49 68748,93225 64756,86337 
P50 69948,93225 65574,95367 
P51 71148,93225 65939,02241 







Table E.1. 2: Cumulative level of working hours. Experiment 2. 
  Experimental working hours Necessary working hours 
P0 9232,14404   
P1 10512,14404 3,349584295 
P2 11792,14404 1318,572381 
P3 13072,14404 2696,810811 
P4 14352,14404 4732,791997 
P5 15632,14404 4989,915179 
P6 16912,14404 6507,182542 
P7 18192,14404 18174,50523 
P8 19472,14404 18774,19748 
P9 20752,14404 18914,34779 
P10 22032,14404 19534,0731 
P11 23312,14404 19927,5992 
P12 24592,14404 21534,77645 
P13 25872,14404 22047,39401 
P14 27152,14404 22252,45907 
P15 28432,14404 22363,71907 
P16 29712,14404 22768,04518 
P17 30992,14404 23422,8753 
P18 32272,14404 24005,44635 
P19 33552,14404 24325,99934 
P20 34832,14404 24619,43514 
P21 36112,14404 28428,28613 
P22 37392,14404 28625,08041 
P23 38672,14404 29161,59405 
P24 39952,14404 29692,83546 
P25 41232,14404 31187,29494 
P26 42512,14404 31568,97673 
P27 43792,14404 31853,17796 
P28 45072,14404 32245,48271 
P29 46352,14404 34559,09636 
P30 47632,14404 35332,29578 
P31 48912,14404 35679,75377 
P32 50192,14404 36023,5967 
P33 51472,14404 37727,43553 
P34 52752,14404 41080,6519 
P35 54032,14404 42118,77083 
P36 55312,14404 42777,39357 
P37 56592,14404 49918,28469 
P38 57872,14404 54274,14048 
P39 59152,14404 55789,34339 
P40 60432,14404 57514,98887 
P41 61712,14404 58406,90188 
P42 62992,14404 59238,23154 
P43 64272,14404 60675,19614 
P44 65552,14404 61324,67929 
P45 66832,14404 62193,42962 
P46 68112,14404 62887,48663 
P47 69392,14404 63700,66593 
P48 70672,14404 64549,60647 
P49 71952,14404 64756,86337 
P50 73232,14404 65574,95367 
P51 74512,14404 65939,02241 





APPENDIX E.2 Holiday and working weeks. The real case 
 
 
    Table E.2. 1: Working and holiday weeks for each permanent worker. Real case. 
  P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 P19 P20 P21 P22 P23 P24 P25 P26 
W1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 
W2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 
W3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 
W4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 
W6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 
W7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 0 
W8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 
W9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 
W10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 
W12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
W14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 
W15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 0 
 
Table E.2. 1: Working and holiday weeks for each permanent worker. Real case 
(Continuing). 
  P27 P28 P29 P30 P31 P32 P33 P34 P35 P36 P37 P38 P39 P40 P41 P42 P43 P44 P45 P46 P47 P48 P49 P50 P51 P52 
W1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W2 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W3 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W4 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 
W5 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W6 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W7 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W8 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W9 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W10 1 1 1 1 0 0 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 
W11 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W12 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 0 1 1 1 1 1 1 1 1 1 
W13 0 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W14 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
W15 1 1 1 1 1 1 1 0 0 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 
W16 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 
W17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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Table E.2. 2: Values of working weeks for each temporary worker. Real case. 
 



































T1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 
T3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T4 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
T5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T6 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T12 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T13 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 
T15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
T16 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 
T18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
T19 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
T21 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T22 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T23 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T24 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T25 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T26 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 
T27 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 
T28 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 
T29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 
T30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T34 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
T35 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 
T36 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
T37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T48 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T51 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T53 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T54 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T55 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T56 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T57 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




































































T1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 
T2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T3 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
T4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T5 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 
T6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 
T8 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 
T9 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 
T10 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 
T11 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 
T12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T30 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 
T31 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 
T32 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 
T33 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 
T34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T37 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 
T38 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 
T39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T40 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 
T41 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 
T42 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 
T43 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 
T44 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 
T45 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 
T46 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 
T47 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 
T48 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 
T49 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 
T50 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 
T51 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 
T52 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
T53 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
T54 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
T55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T56 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T57 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 














Table E.2.2:  Values of working weeks for each temporary worker. Real case (Continuing). 
 



































T59 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
T60 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
T61 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
T62 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
T63 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T64 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T65 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T66 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T67 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T68 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T69 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T70 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T71 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T72 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T73 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T74 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T75 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T76 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T77 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T78 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T79 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T81 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T82 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T83 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
T84 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
T85 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
T86 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
T87 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 
T88 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 
T89 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T91 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T93 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T94 0 0 0 
0 
 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T95 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T96 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T97 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T101 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T102 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T103 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T104 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T105 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T106 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T107 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T108 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T109 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T110 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
T111 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T112 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T113 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
T114 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T115 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T116 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




































































T59 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T61 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T62 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T63 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T65 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T66 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T67 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T68 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T69 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T70 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T71 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T72 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T73 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T74 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 
T76 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 
T77 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 
T78 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 
T79 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 
T80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 
T81 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T82 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T83 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T84 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T85 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T86 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
T87 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 
T88 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
T89 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 
T90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 
T91 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 
T92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 
T93 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 
T94 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 
T95 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T96 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T97 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T98 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T99 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T100 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
T101 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
T102 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
T103 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T104 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T105 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T106 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T107 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T108 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T109 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T110 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T111 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T112 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T113 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T114 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T115 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T116 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 













Table E.2. 3: Values of total number of workers. 
 
 
Experiment 1 Experiment 2 Real Case 
P1 46 32 42 
P2 46 32 47 
P3 46 32 60 
P4 45 32 58 
P5 45 32 63 
P6 46 32 63 
P7 46 32 63 
P8 30 32 35 
P9 30 32 34 
P10 30 32 34 
P11 30 32 34 
P12 30 32 36 
P13 30 32 36 
P14 30 32 36 
P15 30 32 25 
P16 30 32 22 
P17 30 32 22 
P18 30 32 22 
P19 30 32 20 
P20 30 32 20 
P21 30 32 20 
P22 30 32 20 
P23 30 32 19 
P24 30 32 19 
P25 30 32 20 
P26 30 32 19 
P27 30 32 18 
P28 30 32 18 
P29 30 32 21 
P30 30 32 40 
P31 30 32 41 
P32 30 32 43 
P33 30 32 43 
P34 30 32 44 
P35 30 32 45 
P36 30 32 43 
P37 30 32 48 
P38 30 32 41 
P39 30 32 40 
P40 30 32 36 
P41 30 32 33 
P42 30 32 31 
P43 30 32 32 
P44 30 32 33 
P45 30 32 33 
P46 30 32 36 
P47 30 32 35 
P48 30 32 35 
P49 30 32 35 
P50 30 32 35 
P51 30 32 35 
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